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i:ntroduotion^\ 



In the fifst two sections of the unit, the children set up a 
computer t^jjvork addition and subtraction problems* These 
problems ,can ti^ written in several ways: 

1 . horizontally 25+71 

2. vertically 25 

+ 71 • 

• 3. in. T notation ^ . 21' + 5X0 

" + 7Tl + ITO 



Regardless of the form of the problem, the same mies are 
followeci. We add or subtract the numbers in each place 
(5 + 1 ^nd 2 + 7) to get the sum or difference* Though most 
people prefer to write addition and subtraction problems 
vertically and to work from right to left, this need not be 
done. No matter how the problem is set up, we still follow 
the rule that the numbers in each place must.be added or 
suj^tracted to find the answer* 

In Sectipn I algorithm's (rules) for addition are developed with 
heavy emphasis on the place value system. The children 
review T notation for expressing place value. In T notation 
the number 385 would be re\A^ritten as 3t2 + 8T' + 5T0, Since 
T Stands for 10,^ the ten*s place is called T' .because the 
elements have been grouped by ten just once. The one's 
place is called tO because no groups of ten ha^ve been made 
in this place, and the hundred's place is called T^ because 
we have grouped by tens twice. Each place is ten times as 
great as the one to its riuht (Tp == I , T' = I-OtO or 1 0, 
t2 = IOT' or 100). Fir.st the children do .addition using a . 
T-piece computer. Theu they add. using numerals in their 
computer. Finally the vertical form tor addition is developed 
from an addition'^ chart which represents the computer. 
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* Section 2 develops the subtraction algorithm, again with 
emphasis on place ^^valuei^ The children set up a computer 
and work subtraction problerns with T riotation. The progres- 
sion of subtracting with aWmputer, then a -chart and finally 
in the standard vertical foim is similar to the format an<f 
procedures for addition in Section I, 

Section 3 involves measurement systems of length, volume ^ 
and time duration. These syjstems will contrast the place 
value of the base-ten numeration system the children worked 
with in Sections I and 2. The children will see that measure- 
ment units for length and time duration are not regular. That 
is, there are I 2 inches in one loot but only three feet in one 
yard and there are 60" minutes in one hour and 24 hours in one 
day.- For volume measures the children set up al>ase-two 
computer and find that thgse units are regular: two pints 
equal one quart, two quarts equal one half-gallon, etc. 
Besides learning different measurement units , the children 
should compare the different place values of measurement 
systems to the base-ten numeration system. 

' Section 4 is made up of two job booklets vyhich the^ children 
will complete independently. One of the booklets is a 
/ pouritig. system and the, other presents a balance beam system. 
By pouring water trom pne measured tube into another or 
balancing a meter stick,, the children generate. ordered pairs. 
They graph these pairs and. use them to predict nfew states of 
their systems. The booklets are designed to be /self-instruc- 
tional with a minimal amount of help from you. / 

Each booklet should be .completed in one week./ 
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NOTES ON TEACHIN&-THIS UNIT 




(day, for four weeks • The Job Booklets of Section 4 will take 
two weeks to complete. For the first week, half 'of the class 
completes the Pouring System Booklet while the ot^her half 
completes the Balance Beam System Booklet. During the 
second week each group of children completes the other 
booklet. 

For Lesson 12 of Section 3, you or the children must provide, 
one half-gallon container and one gallon container. Milk 
cartons or plastic pitchers work well. 
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SUGGESTED SCHEDULE FOR TEACHING UNITS 23. AND 24 CONCURRENTLY, ^ 
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SECTION 



K ADDITION 



_ - To develop an understanding of and facility -in ffsing ' 

- ..place value (T- notation). . " 

- .To introduce and provide practice with the addition 

algorithm. 

- To prc3vide game situations for enjoyabi'e practice with ' 
-■ _ basjc additioil facts and the addition algorithm. 

COMMENTARY' 

In Lessons I and 2 a classroom computer is set up using chil 
dren as components. Each desk represents one place in°the 
■ ■ place value system. The children develop rules which tell 
the computer How to add using T. pieces. It does so .by 
r. physically combining pieces which rej^resent the number of I 
^ elements in each plaqe. The rule of combining. the elements^ 
in each plape is^ Always followed, though the form for writiil 
' • addition problems changes as the section ptogresses . | 

.An.algorithm for regrouping is developed in Lesson 2. The 1 
childfe.n learn that they must trade 10 pieces for I of the next 
larger pi^ce^^.^ Fof example,. 10 T^ pieces are traded for I t\ 
.piec,e: Wheti fhd computer adds a problgm such as 9 + 8, thq 
. T" place will receive first 9 T° pieces and then 8 T° pieces. 
.The cHild at that place trades 10 of. his 17 T^ piete^for I t' 
. pie'ce. He then gives -the I t' piece to the child at the next 
.•,desk,^h*6 place, and keeps the 7 T° pieces at the-T° place. 

in Lesson 3 the children explore the place s^alue system further 
, by making repres entatiohs of the t3 .and T'* places . ^ H'hey "tape 
together j 0 j2 pieces^to make a T^ piece and then lO.T^ pieces 
; .to make a T'* pieco. The Idea that the place value system goes 
on ^hcl .on is d&veloped .* • . ' 

<, ' ' , • • • ■ 

In Lesson 4 the rules for the T-pieces computer' are -modified 
SQ that nuTfneralsC written on slips of paper are accepted by the 
computer and added mentally by the children who are computer 
components. Wheti the problem 9 +. 8 is added with the numeral 



^computer, the child at the place will receive a slip of 
paper marked 9T^ and another marked 8T^* He adds these' 
mentally and fills out one slip for each place value repre- • 
sented in the sum. That is, the sum 17 is rewritten as 
it' + 7t0* He passes the IT ' slip to the r' place. Though - 
the form of regrouping has changed , first using .T pieces and 
then using numeral slips , the rule that 10 elements are 
grouped and passed to the- next larger place remains. ^ ^ 

When the children are familiar with the addition process using, 
the numeral •computel^ the vertical form for adding is developed* 
In Lesson 4 a chart i?? drawn on the ch^alkboard which represents 
each place in the computer. The children add a problem using 
the computer while you add it using the chart. You stress the 
fact that the place value addition is the same using both methods. 
In Lesson 5, lines are removed from the chart until only the 
.vertical form for writing addition problems remains. « . 

Games in Lessons 3 and 6 provide an enjoyable way for the , 
^ .'bhi'idren to practice the basic addition, facts . These games 
can be modified to inSlude'more difficult problems as the chil- 
dren become proficient. Since most of the games require only 
a few minutes to play,. one or more of them should be used 
almost every day throughout the year. . 



Lesson I ; THE T-RIECES COMPUTER 



This lesson h^ins a review of addition and place value using 
the- T notation approach that the children worked with in- Unit 
20. You may find that they need to regain ..familiarity with this 
system.^ For this reason rhaterial from s'econd grade has been 
included in .the activities.. ThoSe children who do not recall 
T notation vvill have, considerable experi(9nce with it in the 
first few lessons. Bfe sure to use T notation language your- 
self but d6 riot deniahd that'"the children use it exclusively. . 

The children make their own classroom computer in which they 
serve as componeiits. A set of rules is devised that tells the 
computer how tp a^d numbers and respond with the sum. The 
operation of the computer stresses place value and .provides ■ 
practipe using th^' addition facts. ^ ./ ' 

The time^ allowed for this lesson iS"two days... If the children 
remember T notd^mi from th^-secpnd grade,' Activity A should 
go very quickly ahH y&tt- louM start Acti^/ity B on the same day. 
. If many children in your class do not understand T notation, 
■'^ spend the first day on Activity A only. . Jhe rate of progress 
" through these first three lessons will depend on the abilities of 
the children. Feel free to speed up the introduction to the com- 
puter in Activity B if you think the children understand the pro- 
■ cedure. • . . 

MATERIALS " • .. ' ' 

- 3 lafge sheets of paper, one edich labeled T^, T ' , T ^ 

- marking pen ' ^ ' - 

masking tape • ^ 

set of T pieces made from 5 copies of Sheet A and I copy ' 
; of Sheet B .(available from^MINNEMAST) ^ 

- abacus (optiona^l) * 

— for each. child — ..^^ " . 

- sheet of paper * 

- Worksheets 1-3 



PREPARATION, ^ / 

Make a set of T pie6es by c{itting up five copies of Sheet A ; 
and one copy of Sheet B. yYou should now have one set of T 
pieces, containing ip t2 piepes, 18x1 pieces and 20 tO 
pieces* ^(Full-size ,copies'*^6f; Sheets A and B can be found in 
the Appendix.) Lab^l three large sheets of paper tO, T' / and. 



Unit 24 ^ . ^ 

Sheet A (5 per child) 

Cut on dark lines. Cut 2 pieces from each Sheejt .jlj.^, . 

■ ■ > ■."/■ 

I Piece* ' ^ tT^^pl^'ce 



^^)loet n 11 {>er child) 



Cut 18 pieces. 



piece 



Cut 20 I* pieces. 



PROGEDyRE 

Activity A ■ • • 

Read, the story, "The Amazing Machine" to the class. The 
story is on page 7. . , . ~ 
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THE AMAZING MACHINE 

Freddy was shopping at the supermarket. He found all the 
things on his mother's list and wheeled his cart up to the check- 
out counter^ It was fun to \vatch the clerk add up his purchases 
on the cash register. The machine showed a total of $3.86. 
Freddy gave the clerk the five-dollar bill his mother had given 
him. With a ^clatter and a clang the machine registered theli^- 
mount of change Freddy .was to receive — $1.14. Fourteen cents 
came sliding down a little chute forhim to pick up, and the clerk 
gave him a dollar bill. He put all tire money in his pocket' and 
took his. bag of groceries out througp the door that opened by, it- 
self when.he came to it. • 

All the way home Freddy thought about the- machine^. It . 
gavfe the right answer every tiirne. How did it do it? How did it 
knSw when to add and^when to jsubtract?. Freddy wondered why 
it never m ultiplied 'the numbers when the clerk pushed the buttons. 



And why did it always send" just the right coins down the chute^ 
Freddy couldn't wait to ask someone how machines like the cash 
regi-sterwerk: : " ^ . ' 



Ask the children if they have ever watched a machine that 
computed for us, like the cash register, and wondered how 
it worked. ' ' ' ' 

WHAT OTHER MACHINES CAN YOU THINK OF THAT 
COMPUTE FOR U.S AS CASH REGISTERS DO? (Adding 
machines, odometers, pedometers, abaci, computers. 
Do not expect the children to use these.wdrds.) 

You might raention that the addition slide rule used in Unit 
is a kind oi computer. 
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Helve the children turn 
to Worksheet I . Discuss 
the machines with them 
and explain *that numbers 
are put in each machine 
ahd answers come out.. 
Clarify the fact that 
machines do only what , 
they are instructed to do* 
They can only follow the 
rules someone has made 
for them. Tell the class 
th?it you have a plan to 
maice a computer right in 
the classroom but you 
, will need everyone^s help 
1;bdoit. " ^ 



With masking tape, . tape the T signs to the chalkboard in 
this order: c . 



(Save these labels for Activity Bj 



Ask the children what l^, t' , aijid t2 represent. If your 
class does not remember that these are names fpr the ones, 
tens and hundreds places, you may want to use the following 
review. lithe review is not necessary, go on to Activity B. 

Hold up a tO piece □ and a T' piece i M i i i i i m , 

'HOW MANY OF THESE PIECES (TO) DOES IT TAKE TO MAKE 
THIS PIECE (T I)? (10.) 

Holding the t' piece, count with the class the 10 tO sections 
marked on it; Then hold up the T' and t2 | i i i i i i i r j-i 
pieces and ask: --^ 



HOW MANY OF THESE PIECES (^1) DOES IT TAKE TO MAKE^v 
THIS PIECE (T?)? (10^.) 

Count the 1 0-.T^^strips with the class. Explain that because 
it takes 10 small pieces to make a long p'iec^ and it takes 
10 of those strips to make the next sized piece, .we say we 
are "grouping by tens/" 

Hold up the ap|)ropriate pieces again during the foUpwing.- - 
jjis.cussion* % " ; * 

WHEN WE GROUP 1 0 SMALL PIECES WE GET A LONG 
PIECE. WE CI^LL THIS PIECE tU THE T TELLS US THAT 
V^E ARE GROUPING\bY TENS AND THE 1 TELLS US THAI WE " 
HAVE GROtfl>£D^ BY TEN JUST ONCE. 

NOW SUPPOSE WE GROUP 1 0 PIECES ~ WHAT CAN WE 
CALL THIS NEW PIECE? (T?.) 

THE* T TELLS US THAT WE AgE GROUPING BY TENS ANp 
. THE 2 TELLS US THAT THE PROCESS OF GROUPING BY " 
TENS HAS BEENDONi: TWICE. FIRST WE GROUPED 10 OF- 
THESE PIEdES (show a T^ piece) AND GOT ONE, OF THESE 
PIECES (show a T' piece) . THEN V/E GROUPED 1 0 OF THESE 
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PIECES (show a T' piece) AND GOT ONE OF' THESE PIECES 
(show a t2 piece) . 

Now hold up a T^ piece anti ask: 

• WHEN WE ARE GROUPING THIS WAY, WHAT CAN WE CALL 
THIS PIECE? FIRST LET'S. WRITE DOWN T' TO TELL US 
THAT WE ARE GROUPING BY TENS. NOW HOW MANY TIMES 
• HAVE WE GROUPED BY TENS ? (None; zero times . ) WHAT 
CAN WE WRITE- TO TELL US THAT? . (TO.) 

Explain to the children how to read T notation: 

T^ is "T to the zero power. ". 

T ' is "T to the first power. " - ' 

t2 is "T to the secfond power," etc. • . 

Tell them that we can also say it a shorter way: 

tO is "T to the zero . " ' 
' t' is "T to the one," or "T to the first;" , 
t2 is "T to the two," or "T to the second;" 

Label the place's, on an abacus T^, t' , T^, and higher if you 
desiriB. Also label the places 1, \Q, 100, etc. 



T" _ T^ t' T' 
I GOO 100 10 ' I 



Show a number on the abacus and have each. child write the 
; numeral in the following form on a piece of paper. , 

345 = 300 + 40+ 5 " ' ' 

'345 =■ 3t2 +. 4tI + StO 



\ 



The relationship between T notation and the e 
ten notation should ba shown and discussed 
is not available. ^ ' \ 



cpanded base- 
en if ari' abacus 



Have each child/write a 3-digit number oh i^all piece of 
paper and pass it to the child be^hind him. Each student writes 
this number in expanded base-ten notation {549 = 500 + 40 + 9) 
and in T notation (549 = 5T2 + 4x1 + 9T0). The student then 
hands the paper back to the child, who wrote it. This child 
checks to decide if the notations have been written correct- 
ly* Go around the-room and quickly' check those the children 
think are wrong; ' - 



Activity B 



Tell the' children they are now going tp build the computer you 
discussed in Activity Remove *the T signs from the chalk- 
board. Place three desks at the front of the room: and label 
them as shown in the photograph below. Explain to the chil- / 
dren that the desks are part of the computer. (Save these labels 
for subsequent lessons.) You may want to draw an imaginary/ 
start button on the chalkboard next to the computer desk^. 1 



0 



\ 



Ask one student to sit at each of ti ) three desks. These chil- 
dren are part of the computer. Explain that computers will 
only what they are instructed to do. Tell the children that you 
have made up some rules for the computer to follow. Then 
write these rules on the board in your own words; 



Rule I . 
Rule 2. 



Rule 3. 



The computer is to add the numbers fed into 
it. 

Each desk: can take only one kind of T piece. 
The place can take only pieces, the T^ 
'place can take only T' piebes and the t2 
place' can take only T? pieces,^ 

Each place must tell it.s contents when the 
Programmer calls for it, / ' 



Choose three more children to help operate the coftiputer l?y * 
acting as Programmer, Banker, and Recorder. The Recorder 
^should use the chalkboard and the Banker should be given all 
the 1^, rl , and t2 pieces. The jobs of the Programmer, 
Banker, and Recorder are explained in^the example below, 
^e rest of the children should act as Repairmen. Tell the 
Repairmen to .watch carefully to see if the Programmer, Banker, 
or Recorder make any mistakes, Repainjuen ^should be allowed 
to correct 'any errors they find. (The first problem will prob- 
ably go quite slowly until the children learn the procedure.) 



LET'S SEE HOW OUR COMtoER WORKS. 
ADD .21 AND 32/^ 



LET'S HAVE IT 



Recorder: 



The Recorder writes the. problem on the chalk- 
board. (the hjox shows what is written at 
each step and need-not be drawn 
on the chalkboard.) ^ 



21 
+32 



Ask: HOW DO WE WRITE 2 1 IN 'T NOTATION? 
V (21 = 2T' + ItO). 

The Recorder writes this on the chalkboard/ He should have 
written: 



2! = 
+ 32 



2fl.+ ITO 
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HOW CAN WE. SHOW THIS NUMBER WITH THE T^, t' AN.D 
t2 PIECESr . . . . 



n ■ n 



Banken ■ ^' 



Programmer: 



Computer T^: 

Banker: 

Programmer: 

c 

Computer T ' : 
Note: ' 



The Banker holds up the proper pieces for tHe ' 
place (in this case for the notation of 21 )• 

The Programmer takes tiie i3ieces, checks tq be , 
sure they are the correct number and vali^., and 
'feeds them to the computer (places them on the 
tO desk)^ 

The child sitting at this place checks th^ pieces 
he is given and nods if he thinks they are thk 
' correct ones . ■ ■ ■ ' 

While the Programmer and the T^ place child are 
checkingr the T^ pieces, the Banker picks up the 
T' pieces and passes them to ^he Programmer. 

He checks the T ' pieces and feeds them into the 
computer. 

This child checks the pieces and nods if he 
thinks they are correct. , * 

In this problem th^re are no pieces, but if 
there were the Banker would hand them to the 
Programmer, who would check them and hand 
them.. to the child who would check thiam and 
• nod if they were correct. 



a? 



Now ask: 



Recorder: 



HpW-DO WE WRITS 32 IN. T , NOTATION? 
(32= 3t' +.2T°). / 

The recqrder writes this on the chalkboard. 

21 =^ ;2X! itQ 



-f3'2 = I:3T' -f 2TP 



Th^ children go through the same-procedtire to f ped the T 
pieces for 32 into the .computer. 



Programmer: 



Computer: 



Recorder: 



^When the T pieces representing 21 and 32 have 
been fed into, the computer the Programmer pushes 
an imaginary, start button. . 

The students at each plac^i again 'count their « * 
I>lecei^ and then, one ^t a time starting with the 
T^ place, they tell the total number of pieces 
they have. (3,pleces for the T^ place , 5 for the 
t' and 0 for the t2J , 

When the T^ place child calls out the total num- 
ber of pieces he has, the Recoxjder writes*" It In 
the ^proper place on the chalkboard. He does the , 
saihe-fpr the t' place. t2 hasno^pieces so the 
Recorder doei^ot write anything. 



. ?t = 2tI 
••+32 =^ 3TI 



iTp- 
,2T0 



•5TI + 3T0 



Now the Recorder converts the T notation answer 
to the stand€itd notation (53) and .writes it under 
the original problem. The conlplete^ problem should 
look like this: . ' 

21 = 2tI + ITO • * ; 

' ^ +32 = 3Tl + ?tO 



53 = 5TI + ^TO 



. Review wha't the qonipufer haTdone. .It has ad^ed the-pieces ' 

representing the-first nuniberj2l) to the pieces of the second 
. number '(32) to give .the ,suih X)f the two numbers (53). 

Choose three. different bhildren to' sit at the desks and three 
^ . more -to act'as^'Progranimer, Banker and Recorder. Ijpt them 

• choose another problem that does not involve recouping and 
help them go through the ^addition procedure with the computer. 

; The procddune should go faster this time. 'Work- enough prob- 
lems, such as- 3^ + 462, 29 I 4- 4 and 128 .-fe so tl>-at ea<?h ■ 
child has a chanfce to be a part of the computer set Up. You 
may want tq work a few more problems with tHose children who 
have difficulty the first time. - All the children should become 
proficient at adding, with the computer. Remind the Repairmen 
to report any mistakes" they notice.' • / . ' 



Save the T place labels and' T pieces for future \xst. 
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Have the children complete Worksheets 2 and 3, These 
worksheets provide review of the. concept of -T notation 
and give practice in converting numerals to ^ J. notation: 
Have all the children do the bonus problems on WbrKsrheet 3, 
with your help if necessary* You may want^to provide a few 
more problems of this type so that the children understand 
that the t2 place," for exampler stands for the hundred's 
place even when Tl and TO are .nof written out* If the chil- 
dren do not read the problem's carefully thay may answer 
8x2 = 8 instead of 8O0. Occasionally you should refer to the 

places as the ••hundred's place," "ten's pl^ce" and ••x)ne*s , 
place. •• - 



ln«tl» liludn. In Iht <lpi» llw T plectf 

/ \ ' . 




f\9f a22i:nr:* » pltc» 1^ piece 



t4 .^T* *-iLT«. 



3tf •ii.T* * JL.T^ 



^ 1 ' 



torluhMt 3 
Uttt M 



Orm piece 




One piece ;r:;:ilni 
FtU In the^bUnks 



cen be cut into lO pieces 



Un be cut IntoJlLr' pieces. 



3i «i-T> -^T^ ' 
* • 












■wa *iT^ *iT> ♦At^ 


^ » cn^ ♦ OT^ * 


91^ 




« iT^ ♦ or' ♦ 


ai« 








4» «±f *4.T> *jLt^ 


ifL « 21^ ♦ 6T» ♦ 




154 :*,Lt^ *£.T> * 6_T^ 


-y'^J « 51^ ♦ or' ♦ 


3T« 


'jf^ BONUS 

















Le;sson 2; ADDING ANg RE GROUPING WITH THE COMPUTER ^ 

, Ip this lesson, the children work in, computer teams to solve 
addition problems, some of which involve regrouping. This 
lesson will take two class periods, .one for each activity. 

MATERIALS ^ / ^ , - 

' * — for each child . . ^ 

\ ^ ^ " ' 

- set of t pieces cut from 5 copies of Sheet^A and I copy of 
Sheet B ... 

~ scissors 

— small plastic bag 
Worksheets 4-7 



■■• ■/ 

for ^ach group 



.several sheets of paper 
PROCEDURE ' ' 

Activity A 



. Give- each child five^c^opies of Sheit A and one copy of 
Sheet B. The T pieces should be out apart along the heavy 
lines. -Each, child/should have lO./T^ pieces, 18 x) Pieces 
and 20 pieces in- all/ His T pi^eces should be stofed in 

r -a- plastic bag. 



Divide the.cfass into teams of three. Each team will set, 
up its own computation- machine consisting of a Computer, 
a Programmer and a Recorder. Ask the Programmer to turn ' 
' to Worksheet 4 in his Student Manual and tear out the des!*- 
computer. / j ■ ■ : . -. , 

Explain the' responsibilities of each assignment: . 

R: ^ Tffe Recorder writes the problem in both standard/and 
T hotatibn on a sheet of paper. 



/ 

/ 



P: 



C: 



R: 



The Prografttmer p^iits the pieces repre^$enting^ the ad-- 
dends of the .problem into the degk cqmputer and presses 
the start button. 



The Computer computes (founts the pieces if necessary) 
and' tells the Recorder the number of T pieces'he now 
has in each place/ ' . * ' 

The Recorder writes the answer, first in T notation 
and theh'in standard notation. 



/ 

/ \ 
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[Desk :Computer 



To demonstrate the proper prpcedure and recording tech- 



niques to the'^cla&ST^ write this problem on the chalkboard - 
"in^frertidal form: 143 ' ' ^ 

Cfioose one team to help with the demonstration while tKe , 
oiiher teams go.through the probleifi at their desks, Jhe chil- 
difea a^ the desks should check their work against the, work 
q^;tbe/dem'onatration team at each step. Allow time for di-s- ^ 
ckissihg^ and correcting errors. - - ^ V* , • 



Step 1: 



Step 2: 



The Recorder writes the problem-and converts It to 
-TL.5.o$§tipn. The Recorder„on_the demonstration 

team should write it on the chalkboafei*-whtfe-th.e 
-other Recorders write it on their paper. 

J-43 = + 4tI + .3t0 



+ 24 5-=-2T2-+-4tI~+-5 tO^ 



The Programmer gets T pieces from his plastic bag. 
(the bank) to represent the first number, 14-3. 



P" □□□ 



4., 



step 3: 



Jtep 4: 



He feeds the pieces into- their proper places in the 
desk computer. Then^he' gets the pieces that rep- 
resent 245 and feeds them into the computer. 

The child who has tlie job pf Computer counts the 
total number of pieces in .each-.pJace.a.nd tells the 
Recorder how many he 'h as of eac h kind of piece." 
|.or thisr problem it should ^be 8j£pJfiCfis,„8lT.)- * 
pieces and 3 T^' pieces . ' . ■ 



o 



The Recorder writes 3T^ + ST ' + 8T° under the T ' 
notation problem and puts 388 under the standard 
notation problem. " • ' 



/Give the teams two more problems that do not require regroup^ 
ing.. The team members should change jobs so that each chilt 
has a chance,, to do each job. Move about the room while th2 
children are working and check their methods, work and an-/ 
swers. At.tlje conclusion of this activity", select aRecorde/ 
CO read nis group's results to the class so that all can veriftr^ 
their answers. If some groups finish early, you may Want to 
give them additional problems. 



I. 



Activity B 



■ V 
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Have each group^work the problem, 246 + 325, and give yout 
their answers. The. answer they are lilcely"tq^get is: 

+ 6T' + I HtO/ . ^ ^ ' 

If aay team regrouped get^^T^ + 7T' + IT-O, ask the rest of 
the children to ^ry to figure ^ut how they got such an answer. 
If no -team got the correct answer,^ ,aslc someone to come up ^ 
and write 5t2'+ 6T' + I IxO/in standard notation, J^e wiir 
probably write .56 f l • Explain thar this answer is ifiuoli ,too 
.large and'suggest that the/children check^th^ir work. 

Go over the pieces in each place of one team's computer 
^^with the class while tHe other teams check their computers.^ 
Someone should discover that 10 of the TjQ pieces cah'be ^ 
exchanged for one t' piece' with one T*^ piece left over. Put, 
. 1 0. pf the T*^ pieceiS together to -show this. ^ Rewrite ' ^ 
5T^+6T'^+ I IT^ as 5t2 + 6t'. + it ' + IT^. Insert parenthe- 
ses arpund the 6TI + IT' . Then add .to get 5t2 + 71' + ItO. , 
or 571. . / ^ * ^ . , 

k ■ 'J ,. ■ , ■ 

■ WOULDN'T .IT BE EASIER IF THE- MACHINE WOULD DO 
THIS REGROUPINQ FOR US?, 

Remind the children th at thelna chi he will do what we tell it 
to do. Ask, them to develop a rule for regrouping. It should 
be similar to the following ruler 

sThere m^y be no more than nine pieces in each place. 
If there are 10 or more pieces* in a place, 10 pieces 
must be exchanged for one of the next larger pieces. 
The new piece must be entered into the pix)per place. 

V 

Havfe-each team-try-adding 246 + 325 again and help them to 
> regrbup, . ^ 

Let eaTch team apply the regrouping rule to s'everal problems 
such, as 46 + 38, 1 32 + 49 ,^ 26a + 150. The children should 
change Jobs for each problerr.. .When the children are ready, 
let them' try a^roblem requiring regrouping in both the 
and the t' places, *for example, 49 + 76 or 98 + 2'3. 



J} 



- Review the nrles^that-our com- ' 



iputers must folloV^ and, have tlfe 
teams complete Worksheets 5 

" diid G usluu - t hoir-desk comp uters , 

-Eaeh-cl>i4d-shoulci serve as Re- - 
border to fill in his own work- 
sheets. Worksheet 7 should be 

'completed individually. It re- 
quires the^children to build on 



.their familiarity with the' place 
value system. Some of the chil- 
.drea.lmay not be Bble to complete 
it, " Do not press them. This 
material will be covered in 
Lesson 3, 







/ 


Unit 24 






(/•e your co«pu(«r to work the*c problem*. ^ 
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♦ 341 


' _J_t2 ♦ J j\ 
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your co«putpr», (J«t T fwitatlon if you waiu . 
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* 227 
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Ivc voijr cfl«put<pr to h«ip vivu t\M. *rlte thr prot)lc« 
U\ X notauw if >wi ^•anl.^ 



4I<^ 
* 372 








234 
« 3411 

I 


<> 






I3A 






<> 

...^ ...v,,,..*, — , 










'l 



r 



L 



^orkihert 7 
Unit 24 

Ptn In the blnnk». 

IT* 



Mttt:t:H 



1 

It t^kcs of tb« T° plffcn* to ■^fcf ^ pjecc. 

It takes *' of the T* pieces to ■yfci' ^ piece. 

It tftkc«_i£_of the pieces to »ake _ ^ \>!ece. 

It taiL^H nr (he pieces to nke - / piece. 

11 t.tkes of ih«- T* pieces to wik* l«i piece. 

It tM]it»K nf the piece* to Mko l.-£f«pleco. 

It .takt»< of (he T* Pieces to fwke l.,i£l.plece. 



Lessfon '3: 



FLACE VALUE 



This lesson develops the idea of place value as a repeaTlng^ 
pattern generated by the rule that each place is, ten times/ 
larger than the place to its right. In the first activity th^ " 
children regroup the tO, t' and H?, places arid see a need for^ 
pieces to the left of t2. In Activity B' the children tape to- 
gether T pieces to produce values to the left of t2; Then 
these pieces are taped to the wail, providing a visual repre- 
sentation of the relationships among T places, the last 
three activities include worksheets and games that provide ' 
practice with simple addition facts'. Spend two days on this 
lesson. Activities A and B should be done on the same day. - 

MATERIALS ^ , . ' - * 

labels marked tO, t' , t2 (jfrom Lesson 1) and T^^ T^/ and 

^ 7- masking tape • ^* . \ ' ' * • 

~ wall or chalkboard space about 2 yards wide 

— for each child — ' * 

~ plastic bag witli set of T -pieces 

- Worksheets 8-12 : : ^ 

PROCEDURE V ^\ , •\ ' 

.Activity A * . • . • ^ • ^ 

Set-up a three-desk' computer. Assign a child to each desk 
plus a Progra^nmer and a Recorder to operate it. Give them * 
the problem, 562^^ 659. The^.ecorder writes the psebiem in 
T notation and the Programmer feeds the pieces into the com- 
puter. The children playing the role of computer must .add up^ 
the number of pieces in each place and exchange ten of their 
pieces"'for the next larger piece from.the Programmer. 

, In this problem the*child in the tO place will have 1 1 pieces. * 
He exchanges 10 of these for a t' piece and then gives the 
T' piece to the child at the T' place. The child .at the T' 
place exchanges ten of his pieces and passes the jT^ piece to 



the t2 place. When the. student in the t2 place finds that 
he must exchang§ ten' of his pieces for the next larger 
piece, he will be faced with the question of what to use ^ 
for the next larger piece. - • . . 

(If the children at the tO and t' places had trouble r§- ^ 
grouping, go through ^ few more problems- before explaiijing 
what the child at the t2 place should do. The children 
should not try to regroup the T? pieces until they can do it 
for tO and T^.) ^ ' . 

Ask .the class to help the child in the t2 place vyith his" 
regrouping. The children should realize that they Have no 
t3 piece. l(aise the question of what this piece should look 
like and ask the children if they would like to make^one. 
(THey will do this in thq next actiyity.. Save the .desk labels 
for Activity B.) - - ' 



Activity B 



You will need mdsking tape, place value labels for T^ through 
t5, and wall or chalkboard space abojA,t two-yards wide. Each 
child sliould have his. bag with a set of T pieces. , 



Tape a tO piece to the wall or 
challfboard and ask hQw this 
place should be labeled. Tape 
the tO sign above the piece. 
.Ask the children what piece be- 
longs in the next placa, and 
tape a T' piece to the le*ft of 
the tO piece. Label the t' 
place. Have the children sug- 
gest which placeboes. in the 
next place and tape a t2 piece 
ther^. Tsipe the t2 sign above 
it. ' - 





"5" 





























WHAT WOULD A PIECE FOR THE NEXT PLACE LOOK' LIKE? 
HOW iVIANY TO pieces DID IT TAKE TO MAKE A T^ PIECE? 
(10.), HOW MANY T' PIECES DID IT TAKE TO MAKE A 
t2 piece? (10.) SO HOW-MANY t2 PIECES WILL IT 
TAKE TO MAKE A PIECE FOR THE NEXT PLACE? (10.) ^ 
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Tape together 10 t2 pieces to make a piece and put it up 
to the leftdf^he piece. Ask the class how this should 
be labeled, and tape the label above it. 

WHAT WOULD WE CALL THE NEXT ^PLACE? (T^J WHAT 
WOULD^A t4 piece LOOK LIKE? LET«S TRY TO MAKE ONE. 

Have the-children work on the floor in groups of four or five. 
Each child should bn.na his T pieces. Pass arqund a roll 
of masking tape and scissors so that each group can cut off 
nine two-inch pieces. Have the children take their T^ pieces 
out of the bag, lay 10 of them upside down on the floor and 
tape them tog,ether to make a T^ piece. As soon as a group 
finishes a t3 piece, have them bring it to you so that you 
can tape it to the wali.e Several groups may have to make two 
T^ pieces, so that there vnll be 10 t3 pieces in all, enough 
to make a pierce. 

When the T^ piece is completed, .tape the T^ label above it. 
Your T^ piece should be 50 inches high and 50 inches wide. 




V 



HOW WOULD THE NEXT PIECE BE MADE?^ (By taping 
10 T"^ pieces in a row.) WHAT SHOULD THIS NEXT PLACE 
BE LABELED? ^ (Tape the t5 label to the left of the T^ ' 
. label.) ' ^ 

Ask the. children if they could continue this pattern and whether 
the place pattern could go on in the other direction (to the 
right of TO). Let them speculate about what one of these pieces 
might look like. If some of the children are interested,^ let 
them explore this question, with your heip',^ during fre.e. time. 
They should find that there is no limit to the place values in " 
either direction. If one T^ piece were cut into 10 equal 
strips, each of those strips woald represent a T~' piece. In 
later units or grades the children may learn that T""' = lO"' = 
± and T-3z: 10-3 ^ ^ . 

10 TOTTO " 

Any children who did not complete Worksheet 7 in the pre- 
vious lesson should do so.nowl 



Activity C,, 



Tell the children that when a, real computer works it does 
more than our desk models. It stores information in its 
memory bank. This memory bank is, in som§ ways^ like our 
brains. We can store facts in our brains and remember them^ 
when we need to. We are going to test our own computers, 
our brains, to see how iQany addition facts they have stored. 

Have the children com {Slet'e Worksheet 8 without the computer 
if they can. Although the worksheet includes most of the . 
addition facts, you may want to make supplementary work-- 
sheets which reverse the order of the addends and cover 
problems like 4+4, that are not included. 

V'orksheets, 9, 10, II and 12 involve. word problems illus- 
trating regrouping. Assign these according to the reading 
and mathematics skills of your class. You may want to set 
aside time to help children yho have reading difficulty. 
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^ntii^ * ^ 3rii::i:!) a piece o» piece 

n>e piece reprectntt the nu«6er_iL.. 

..^T*^ jJlecet c«n be put tocether to atke one T* piec«.. 

One T* pJece It the ^ plecet. 



The T piece represent* the nmber 



/O 



. T* j>Ucei cvy be j^it to^ethtr to uke on* piece*-.**' 



H\t piece ia the 



T' r'ecat. 



piece repretentt the nuiiberj 



T^e 

-i!£^T^ plecei can b* put tofyther to Mke one piece. 
One piece ta the »mt ••_^£_T^ place*. 

The piece reprtaanta the nu»ber../££f . 



forkAhtet 10 

tnlt 34 



Hark had • lot of baaabalt caHa. ftwn hm bwitfl 

in urcupa-or ten he had J bimlUa of ten 

iss 2;s , ' 

tkM Mixy did he hav* «ltof*th*r?_:^. 



Satf aUo ha4 a«M baaebat I car^. He had 4 bw^le 
^'"^^^^ •nd.eitr.a 

Ho» Mn> did h* have «lto«*htar7. 



Saa and %rk decided tfr keep their carda tn Ihe aaaa 
bos. Hoe mu\y bi«idlea,or tan did they hav« alto«ethtr? 



Hoe aany e«tra card* 4td they har«7. 



/3 



Could they get another bMndfa •t tan from the ettraa? 
. hoe aaivy bindlea of tan do Ihey lMve7 
^ How Mi\y mwtr^Mt 3 



BONUS 

Ho* ean/ baaeball carda do thay have altofether?. 



^3 



fforkaheet ll 

Uitt 34 



Dtll and hta alatar, Jan, also had collected baaeball 
carda. mil had 27» lloe atany bundlea of tan could he 

iUike?,JL.» Hoe M[\y a«tra eould he hava?_2«> 

Hint: 27 » 2T* ♦*7T*^. 

Jan had 39. tkm sany bundlea of tan could abe Mke? 
)k>« «Mivy extra "ould ahe h«ya?ji«« 



Bill and Jan decided to put thetr carda to«eth«r. Ho* 
»artf.bcnd\aa of ten eould Ihey have al tone the rH.^^ 



, Ho* aany extra?, 



Could they Mke another bundle 



or ten trxm lheae?-2!2— . No* ho* many bundlea'of ten 



do they have?_ 



Hoe Mi\y extra?^ 



BONUS 

Ho* aany baaebAtl carda do thay have altogether? ^ 



0 

26 



Dmti M 



t 12 



•m an* Mrk «ni •111 «n4 J*n 4tct4t4 U p«t til 4^ 

thtlr lNMteri mMs tot«(h*r.' . 

Sm Mnk mrk hM.ll^or_£_MlM of Un ■nijL. 
sort. IMl «ni Jw> hftd.:.^tr.^kwi4lM tf tm 

ilitn thty put thMi tOf«(btr ho* Mny bundiM of 



ft c«n mroMitt 



.MUt by 14 T* ♦ 0 



tt can chahfo 14, T* to / 1^ ♦ V T< ♦ 0 
•1W 9 oitrat « 5 T^. 

ft could tdd thett to itt^l* ♦ JLt' ♦ *^ 



Saa tnd Mtrk and 1111 and 
Jan havt_ZJ^b«a«kall 
carde tftofattwr. 




Activity D: Relay Game ^ ' 

. This game is a favorite with the children and should be , 
played all year* It can be varied to accomodate more dif- 
.ficult addition . problems gs well as subtraction, multiplica- 
tion and division facts; 

. Have the children sit at their desks. The child in the first 
^ desk of a vertical column of desks stands beside the child 
in*the second desk of that column. Yoii present a simple 
. 'problem (such as 5 + 5) to these two children. The child of 
this pair who calls out the answer first is the winner and 
moves to stand besicie the child" in the third desk. You pre- 
sent a simple problem to this pair of children. The one who 
answers first gets /to compete with the child in the fourth 
desk and so'on. oThe object of the game is to see if some*- 
^ one can move all the way around the room and back to his 
own desk. To do so, he would always have to answer 
every problem .faster than the child, he is competing with. 
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Activity E: Mental Arithmetic 

Many teachers have found this review technique to be highly 
successful. Do the activity for one or two minute^each day. 

' Tell the class that. you are going to give them problems to 
. compute with their own computers,, their brains. Start out 
with simple problems such as 4 + 7, and work up to problems* 
such as J 2+8 or 3+5 + 7. Ask the children to raise their . 
hands when they have the answer, and call on one child to 
give the" answer.. Look for speed and accuracy. 



Lesson 4: ADDITION WITH A NUMERAL COMPUTER 



In this lesson a classroonr computer is designed which adds 
numerals rather than T pieces • The children.'devise rules by 
which the new computer can perform regrouping operations.. 
Then the steps in computer addition are recqrded in chart form, 
This activity provides a transition between adding with^ T ^ 
pieces and'aqlding in vertical form, 

MATERIALS • ' . " 

- 2 sets of t2, t', tO desk labels •' 

- denonstratioh T pieces 

- several hundred pieces of paper (about 2" x 2") 

- Worksheets 13-17 

PREPARATION ' , ' ' 

Before the lesson begins, prepare several hundred slips of ' 
. paper by cutting 'up larger jheets or providing scratch pads, 

PROCEDURE 



^Activity A 

' Set up and label three desks for a computer as you did in 
Lesson 3. Assign a Recorder, a Programme^ and three chil- 
dren to sit at the desks: Have the coinputer, work .an addi- 
tion problem such as 432 + 516 uSing T pieces. After thre 
problem is completed, discuss with the class tl^e value of a 

' more efficient computer that doesn't need to u$e T pieces. ■ 
Suggest trying to make one'that uses just numerals/ 

Arrange another three-desk computer next to the first one. 
Label the desks tO, T' , and t2, put several pieces of paper 
on each desk and assign a child to sit at each desk* Write 
the following problem in vertical^foim on the chalkboard: 
325 4" 462. Have the Programmer! put 325 into the first com- 
puter with T pieces. Ask the children how 325 might be , 



put into the numeral computer. If no child suggests it, 
propose that a Programmer write the numerals 3, 2, and 5 
on slips of paper. Chooso another Programmer to come to 
the numeral Gomputer and fill out the slips. Each slip should 
be labeled with the proper place notation. The Programmer 
then feeds these slips into the numeral computer at the proper 
places. 



3 




a 


4 


5 - 






T' 







Have the X computer Programmer enter 462 into his computer, 
with T pieces while the numeral computer Programmer feeds 
in numeral slips for 462. 

Without going through the procedure, rm^iew what the person 
in each place of the T computer does with his pieces: 

J.- He combines his pieces, 

2. Checks to see if he has more than nine pieces, 

3. ^ Exchanges 1 0 for a T piece of the next larger size if 

necessary, ancl 

Te>lls how many pieces he has when the Recorder calls 
for the. answer. 

Ask.the children to suggest how the new computer might com- 
bine the numbers in each place. (Each child can combine his 
numbers mentally, using the addition facts,. and write the an- 
s^er cSn a slip of paper.) For example, the child at the 
place would add 5 and 2, and mark a slip of paper with the 
totar(7) and the place value (tO). He would hand it to, the 
Programmer when it is called for. The Programmer takes each 
slip to the Recorder who thea writes- each numeral on the 
chalkboard. . (Choose a Recorder for the numeral computer.) ' 
Similarly; the^children ait the t' and t2 positions complete 
slips for the pVt>grammer and the Recorder writes these numer- 
als on the board. Let the children at both computers. com- 
plete Uie'prcJblem. 




Now tell the children that the computers are going to have a 
race. Hand each Recorder a slip of paper with this problem 
written- on it: 487 + 512. Both Recorders start at the. same 
time. The Recorder for the T computer writes the problem in 
T notation on the chalkboard whil^ the other Recorder writes it 
in standard vertical form. ^ 

The Programmer for each computer starts his job as soon as 
he sees the problem. The T computer Programmer counts out 
the pieces and feeds them into the correct places. The num""- 
eral computer Programmer fills out the^ s^ips and hands them to 
the students at the computer desks. Each child at the T com- 
puter desks counts his total number of pieces arid tells the 
Programmer this number. The/Programmer tells the Ilecorder^ 
who must write it in T notation ,and then convert it to stan- 
dard notation. AVthe same time the children at the numeral 
computer add the numbers on their ,3lips, fill out new slips 
showing the sum and\the place value. They hand these slips 
to the Programmer, who then ca'rries them to the Recorder. 
The Recorder writes the total in standard notation. The other 
children in the classroom act as Repairinen to catch mistakes 
and also watch to see which computer finishes first." The 
work of each Recorder should look like this: ^ — 

487 4t2+8T't-7T0 ' — - — 

+ 512 +5x2 + ixl + 2tO , _ 

999 9t2 + '9T' + 91° = 999 ••■ " 

The class should compare the efficiency of the two machines 
and dp another problem, if necessary, to confirm the speed— 
of the numeral computer. Ask why the numeral computer is' . 
faster (because it is making use of the addition facts that 
each chilQ' has s^tored^^ 

Have the children summarize the rules that ea^hrprla~cre"~oi-the — ^ 
numeral bompUW is following wteri it^ctds7^-T^ia^^^ 
include: each place accepts the proper numerals, adds them,.' 
writes the sum on a slip of paper, and feeds it out on demand. 



Write on the chalicboafd a ^problem that involves r..grouping: • J 
274 + 119. Ask the children ^o develop a rule for the numeral' 
computer to deal with this siluation, . This rule. might be: .•v 

No place- may feed' out a numeral larger than 9. If the . 
sum of its numerals ip more than 9 two klipS must be 
filled out, one for each of the place values; in the sum. - 
The larger place value slip must be given to the next 
place to'the left. > ^ ^ 

' Tell the children at the T notation computer that they will 
now become parts of. a numeral computer. Have the children 
in each numeral computer work the. problem you wrote on the 
board (274 + 1 19). They will find that the sum, 13t0, must ' 
be written as iTr' + 3T0. For each computer the III slip is 
passed to the T' place. The t' place must add this'slip to, 
its other two (71' and IX') and fill out a slip for the propter- 
strm (9T'). ^ . " / 

Choose new children to sit at each cojnputer. Give both cofn- 

puters the same problem , one which requires regrojuping. in the 

T^ and t'' places. Remind the children to Vvrite arfd label a 

slip for each of the places in the. sum j and to hand the proper 

•slips^to the pl^ce to their left. . 1 *c 

* 

If you feel .the children are ready -to SvprK-on their own, they 
' can now form grpups of three.* Give each group 40 or 50 * ' 
\^ slips of papers The groups are to, splve addition problems' 
♦ \ising their desk computer and numeral slips. WriteSa few 
sanlip^le problems such as '20B, 29, 560 onthechalk- 

^ +463 +_92 +Z77 ^ . t 

board and circulate to check that the numeral slips' are / 
being marked and regrouped properly. . 



Activity B 



"•Dra\y. a chart on tjie chalkboard to introduce a system for 
reGording-^the^teps that the computer goes through when it 
adds. Write a problem beside it. ^ . ' 



Organize the children into groups of three ind have one child 
in each group take out his desk computer. You will act as 
Recorder for all groups. One child in each group fills out 
slips for the ^i^-.at.^addend and another child fills out slips 
for the second addend. These slips are then put in the cor- 
rect places of the desk computer. Each child acts as one 
place of the computer, ..adding the numerals in his place. 
Starting at the TO place, call on a different group for each 
place to tell you its answer. As the children tell you the 
sum for each place, write these on the chart. When a num- 
ber is regrouped and a slip is passed to the next place, pnter 
a 1 in the next place on the chart". Your chart should finally 
JLook like this. ^ ^ . 
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hfcord •tul «o*i» 
Into lh« ccwpiilfr 



out of the 



Dp as many problems with the numeral 
computer and the chart as you feef are 
necessary for the children to understand 
the chart. Choose new children to run 
the computer each time^ ; 

Have the children turn to Worksheet 13, 
If they need help let them work a few 
probl^ems with friends. They should 
complete most of the worksheet by 
themselves. The children should do 
Worksheets 14 - 1 7 ^individually on 
their own time, Sonxe children may 
need help in reading Isome of the prob- 
lems. » A 

Note: Save the desk computers for 
Lesson 7. 



WorkvhMt t4 

XJniX 24 



•ork tlv««e protoltM, Unr your drck rcnpuirr it you 
' o«»d It, ^ 

JohnnU cwld lift 42 ptNindM. 
<*«tP could I in 54 pcundt. 

Ho* •uch could thf>y lift jiI lonrth^r? pouJ>d<t, 



H«ry ««Uhrd 4A pou;«da two yt^m ceo. 

She h«i «ahied 19 pouiwlit. 

How «uch>doe« (hr •*l«h7,.,Z:L« pourt-ls . 



th«n f)«lh ««« nix y9hr* old 4h« mun 44 Inthm tall. 
In l*n years Khe hA« itn»«ii 7 Inthm, 
Hew tall t« •he^^lL- inchf*. 
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WorkfihMt 14 lconttnu*d) 
IMtt 24 



HarlC and Satly anvp priuilrH, 

Mark hai 163 prnntea. Sally haa 219 prniitep 

Mow «wny pritnl«5 do they have to«clher?J£sL. pennlrw 



BONUS 



Sarcnrftt haa 37 ctntA. F>tly haa 29 (fenta and Ltan 
hna 42 <;entH. If they put alt th«lr laoney to|c«ther 
would they h4v« enouffh to huy their teacher a 
hnndkarchlef that coatn 98 centa? ♦ 

How «uch Money do they have? rontw. 

Can they aUo buy her « card thiit conta 10 centa? 




RIC 



A O 
(I O 



Unit M 



Nam. 



kU« At «clM»l (l«cl(M to horn mny pop«tcU 
•tick* tlwy colUct. Blll't and H«ry« third 

tr«4« cl«t« collvctH 4n ttlcU. Tlu! would b> ^ 
tl«At bwdlM.II^ bwitflt«l« T« bundle. «nd 

> ..JI vitrM. 

. Lmt*§ ccm^tkf our «llcU «lih th* pUcev •« uae<t 



ID ovr cqafuttr. ' 

I 

oo* •ttck j 



on* bundl* of trn •lick* 



oov cl«nt bundl 
den bundles of ten! 



*e could repre9ent 4 ictanl bundles by 4 T^. 
»e oould repre««nl 7 bundlen of leii by 7 T* , 
te could represent 5 extra •Itck* by 5 T*. 



Worksheet 16 
Lntt^24 



m ilass AcrOAd ihe Mil collected 319 ttlck^. IMi 
would MkeA^tUnt bundles or, 3 / fa n^,^,., 

of iiMi or^^T'. AiHJ^exIr*. or^_ i^. 

One cl.i«s had 4T^ ♦ 7T* ♦ 51^, 
The other h«d 37^ ♦ it* ♦ 97^, 

That equ«U_7_T2 bundle*, J_T» buiKlle. and' 
•Jl^'fi extras. 

v»ill thv 14 extra «iick« M,he another bundle of ten? 

TT>en »e »]ll have «Ho«ether _L.Ki,n! bundles 
-i—buitdlcs of ten (T*l •od .lHjeMvs cfii . in 
T ptetes this would h«> 7 ^ ^ 9^ 1 , // ^ 
-Z2i ill lotelher. 



torkah*«t 17- 



For vxpert* only 



■4> 



'if. mters, th^ popcicle aan atld that If iIm thlr^ 
Krad* cla^te^ could collect enouith popclclt tllclu 
to Mk* a vuper bundle, he vould fiv* each third " 
Krader a potKtcu. *^ 



Ev*ryon« eanted to.kr.ow how big a aupwr bml|« la. 

A tMll bundle (T*> !• L-atIck*. 

A i^lant bundle tl^l !• £.aMll SundUa wj£^ 

•tlek». 

A tupwr bundle iT^I |« f^ctwit bumJIea or,J££_ 

•■•M bundlea or_iii. at Icka. — . 



A aMil butidle 110 atlcksl 
A fftant bundle (100 atlcke) 
A auper bundle (1000 alhrke) 



T 

"7^ 



Workihcel 17 (continued! 



T*o of^the cla^ise* toKeiN r lu.d nIroM «00 Mlcka 
««■— A — cinnt huiKlleji <T^ hur»(lle»» . 

TJ«; "Ihcr thiffl «rade cUw h..d 3l7.MUk« 

Om.KlU.. or icni .VKl 7 lO (cxlraM!^*^ 

bundi!:;!!^!:'""" ^^^^ »° ''^"^ 

Oui^tWy h..ve enough sticks |o ..kc I *up..r bundle' 



Thi- Mrs! (HO tH^^n hml exactly 794 nIKKs 
The Ihinl . |rts> hnd 317 5(|ik« 

«tny did ih,.> h.,ve ..I (•Ntfther?-jiL. 
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- Lesson 5: DEVELOPING THE VERTICAL FORM FOR ADDITION 

, '-In this lesson the numeral computer technique' for addition is 
converted to the vertical form for addition. 

• MATERIALS 

- Worksheets 18-20 . 

PROCEDURE , . • 

Discuss with the class the fact that we often need to do 
additit)n, problems but we do not always have access to a 
computer. Develop the idea that each child can be his own 
cpmputer by using his own memory device (his brain) and by 
following certain rules. Put the"" problem 263 + 324 in vertical 
form on the board and u*?.w a computer chart next to it^ 

Enter the numerals in the chart as 'you review their place 
values in the standard algorithm. Then add the numerals 
in each place of both problems, stressing their place value 
again. The completed record should look like the one in 
— . .the-, photograph. JDelow 
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Work as many probfems using the standard algoritJwi and the ' 
chart as you feel the children need to understand ^at the 
numerals of each addend on the chart^are in the same place 
and same relation as they are when they are written in the 
usual vertical fonn. / : . 

■ ^ ; ■- 

CAN WE SHOW WHAT WE DO#/"HEN WE ADD WITHOUT 
USING THE CHAt^T? LET'S TRYT - ^ 

Put this problem on the chalkboard: v 

265 
+722 

WHAT NUMERAL WOTJLD GO INTO THE T^ PLACE IN OUR 
FINAL ANSWER? (7.) WHY? (5+2=7.) \ 

5 

WHAT NUMERAL WOULD GO INTO THE t' PLACE IN OUR 
FINAL ANSWER? (8.) WHY? -(6 + 2 = 8.)' 

WHAT DOES THIS ADDITION SENTENCE MEAN IN TERMS OF 
PLACE VALUE? ^ (6t' + 2t''= 8t' or 60 + 20 = 80.) 

WHAT NUMERAL WOULD GO INTO THE T^ PLACE I-N O.UR 
FINALANSWER? (9.) WHY? (2+7 = 9.) 

WHAT DOES THIS MEAN IN TERMS OF PLACE VALUE? ' 
(2t2 + 7t2 = 9t2 or 200.+ 700 = 900.) 

WHAT IS OUR ANSWER? (987.) 

Notice that the order in which we add the columns does not 
matter when we do not have to regroup. But, when regroup- 
ing is necessary, we should add the T*^ column first, then 
the~T' column, etc. 

Now put this problem, which involves regrouping, on the 
chalkboard in vertical form: 438 + 249. Use the standard 
algorithm which begins by adding the first place on the 
right (the T^ place). 
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WHAT NUMERAL WOULD GO INTO THE tO PLACE IN .OUR 
FINAL ANSWER? (8 + 9 =17. We regroup 17 to IT' + 7tO, 
Be sure the children understand this transition of 17 into 
, T notation. The 7 is rejcorded in the tO place and the 1 is 
entered at the top of the t' column. The children should 
see that the 1 in this case means IT' or 10.) 

WHAT NUMERAL WOULD GO' INTO THE t' PLACE IN OUR 
FINAL ANSWER? (8.) WHY? (It'. + 3T' + 4T' = 8TI . 
The 8 is recorded in the t' place • Be sure the children 
\ understand that the 8 means 8tI or 80.) 

•WHAT NUMERAL WOULD GO INTO THE t2 PLACE IN OUR 
FINAL ANSWER? (6.) WHY? {4t2-+ 2t2 / 6t2. The 6 is 
recorded in the t2 place because in this^'example the 6 
stands for 600..) ^ ■ 

Xour final vvork should look like this: 
I 

438 
+ 2'49 

687 

Worksheets I 8 and 19 should be done individually during 
free time. Each problem on Worksheet 1 8 is to be add6d' 
using both the addition chart and the vertical form. 

All the problems on Worksheet 19 involve regrouping. You 
may want to go through the first problem with the class to 
see that they understand how to regroup using the standard 
algorithm* If the children are still having difficulty regroup- ' 
ing after they have completed Worksheet 19^ you may want 
to use the problems on Worksheet 20 for class demonstration* 
Otherwise, the children can complete Worksheet 20 on their 
own. 



^1 



1 



/ 

/ 


toriute«t !• 




Sam, 






i 


Utlt 24 










• 


Add. Do not use 


your d«tk coaput«rt. 






















26t 
• 314 


2 


6 


» \ 








S7f 










































• 722 




/ 












r 


/ 






































3A4 




/ 


V 












t 










































V 














9 






\ 














4 











Uitit 24 



• Folio* «tep4 to do thH proble*^: 

Step t. Start »ltri the place. Add. 
•rite your an»»«r In the box 

nbove. 



2as 
s 

« 7 

. 12 



Slop 2. Did you put the 2 tn the V plait»y 

Uld you write the I nbove the » to rcmnKl' 
*, yourself, that you retirouped?_]l££„ . 

Strp 3. (« to the place .iihI .idU. 



*rlte 9 In the pl«ce tii the 
box .ibove. 

fio to the^ pl.ue aimI .idd. 
*rltr 7 iH tiK* plate. 

Is your aiisw^^r 792'> J^Ii. 




76 

Li* 



77? 



t 

« (I 

9 

' 2 
7' 



torkahMt 20 
Uhtt 24 



^ ^ ^ 


ft3 
♦ 49 


46 

« 36 

fK 


4'J 

♦ U 


\ \ 
647 

♦ 3m 


ei 
* S 


f5<? 


• — ^ . '649 

♦ sm 

' /Sib 



39 



ERIC 



Lesson 6: . ADDlTIOl^I PRAeTIci?GiUvIES ■ 

This lesson provides practice in addition that should be 
pleasant for the children.* 'Spend this class-period intro- 
ducing tfte games, and encourage the children to play them 
in free time throughout the year. 

MATERIALS * - 



\ 



- I 5 pairs of dice (one of each pair labeled 0-5, the other 
labeled''4-9y - • ^ " . 

pencils and paper ' . " 

* 

— Worksheet 21 



PROCEDURE 
'Activity A 



Begin by reviewing'the addition algorithm. Have a child go 
to the chalkboard and work a problem that requires regrouping 
while the other children do it at their seats Do as many 
more problems as you IhLnk the children need. Then play the 
following game. ^ ' ^ 



Let each column of cbil-* 
dren be .a team. Write a - 
, number between I end 20 
on the chalkboard in front 
of each team. The. first 
child on each team goes 
to thg chalkboard, writes 
another number under the 
first and adds the two. ^ 
Then the second'^child 
goes to the board, writes 
a number under the first 
answer and adds these 
two. This continues un- 
til each person in fhe ' 
team has had a chance to 
add a pair of Clumbers. , ' 
The team whose final , 
total is closest +v) 1 00 is 
the winner. 
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For example: 



1 3 


(the number 


+20 ' 


(the numbet 


33 


(the answer 


+_5 


(the number 


38 


(the^ answer 


+ 17 


.(the number 


55 


(the answer^ 



One minute should be long enough for each |)upil/ but this ' \ 
is not a race against time, so allov/ more time if your class 
needs iti Have each team of children check its work at the 
chalkboard. Allow them to tell the person at the board if his, 
work is wrong^, but not what the mistake is*. 

This game provides an opportunity for you to determine which 
children in the class are having trouble regroupings. You can 
provide more practice and individual attention for those chil- 
dren wh6 ne'ed it. When you play the game a second time, 
start from the back of each column 'so that every child gets a 
chance. to regroup with larger numbers . 



Activity B 



Let the children choose partners. 'Give each palrcf children 
a die with the numerals 0, I > 2, 3, -4, 5 on the face. ^The 
first player throws the 0 - S dfe twice. The first^hrow is^ 
the ten's place digit, tha seconcl throw is the one^s place 
digit. The player records this number on his paper. Then 
the second player generates a number the same way. Both 
players repeat this procedure and record -their numbersUn the^ 
column form. '* 

Sample: 1st Player 2nd Player " 

+24 + 04 



Each player adds his numbers. Th^ player whose sum is 
larger scores one point. If a player makes an error and his 
opponent notices the error,^ the opponent wins a po^nt. The 
first player with 5 points wins the game. The next game 
should be played the same way, but with the die "marked 
4-9. You can vary the game by using the die marked 0-5 
for the first set of numbers and the die marked 4 - 9 for the" 
second set of numbers ahd vice versa. Three and four-digit 
numbers should also be used. After they have played the 
game once or twice, let the children decide how many digits 
to use for each number. These variations will give the .stu- 
dents practice with all of the addition^facts and many oppor- 
tunities to regroup. 

Activity C <> 

Computational skills are developed by* frequent practice 
over an extended period of time. This practice need not be 
.tedious, but should be provided often and with emphasis on 
accuracy. 



Worksheet 21 provides practice in computational skills. It 
will be used each day. for one week. Explain to the children 
that. the class is going to have a contest in cpmputation for 
.one week. Have them turn to Worksheet 21 and look at the^ 
left-hand column^ which contains the practice prqblems. 
These problems are similar to each day's test problems.' §et 
up a certain time to give the test each day and tell the chil- 
dren to complete each day's practice ^problems on their own 
• before the test. Put the answers to the practice problems on 
the chalkboard or bulletin board each day^-^Cunder a cover piece 
of papei:) so that the children can check their own answers. 



When all the* children have 
done the practice problems 
for the day, write the test 
problems on the chalkboard. 
The children copy these on 
their worksheets and solve 
them. Correct the problems 
together and have the chil- 
dren record their points as 
indicated on the worksheet. ' 
You may wish to devise a 
reward system for those 
scoring the most points dur- 
ing the week, or for those 
scoring- above a certain 
number of points. You or 
the children can make iip 
similar worksheets through- 
out the year, varying the 
difficulty as is appropriate 
for different student s. 
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SECTION 2 



SUBTRACTION- 



PURPOSE ■ ' 

• - To in,trodqce and provide practice with the subtraction 

algorithm. * . ' ■ 

- To provide game situations for enjoyable practice with 

• basic subtraction facts. 

COMMENTARY' 

In this section the subtraction algorithm is.developed and then 
applied to problems written in the vertical form. In Lesson 7, 
the children program the T-pieces computer to do subtraction. 
They divide each place of the computer in- half horizontally. 
The minuend is in the top or "start" level and the subtrahend 
in the bottom or "subtract" level. Subtraction is done in the 
computer by a comparison_firocess^. Each piece in the bottom 
level is matched with one in the top~level7~To-find.-thk dif- 
ference, the computer counts the number of unmatched pieces 
in the start level. 

In Lesson 8, the rule for regrouping is developed. One piece, 
from the next larger place than the place lacking pieces Is 
exchanged for ten of the needed pieces. The new pieces are 
entered in the start level of their place. Then the pieces are 
paired and the difference is- noted. 

The physical process of subtraction represented by the T-pieces 
computer is replaced by a mental process when the computer Is' 
converted to accept numerals in Lesson 9. The child at each 
place does the subtraction in his head and writes the difference 
on a slip of paper. « . - 

• 

When the children are familiar with the, subtracting and regroup- 
. ing algorithms,, the vertical form for subtraction is develop^. 
In Lesson 9 a representation of the numeral computer is drawn 
on the chalkboard. The minus sign replaces the "start" and - 
"subtract" labels. Place value is stressed while problems are 
' worked using this chart. 



/ 



In LessonJO lines ace removed from the chart until only the ^" 
vertical forarremaiiis, Then'the class develops a notation, 
for regrouping and worlcS-pr^cU problems using the vertical 
form, - ^^^^ • . . 
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Lesson 7: COMPUTER SUBTRACTION' 

This lesson extends the computer rules so that problems 
involving subtraction can be solved. It is the first of four 
lessons that will-develop the procedure for subtraction first 
with the T pieces computer and finally in vertical form. 



MATERIALS 



- computer desk^ labels t2, t' and tO 

- 6 pieces of 3" x 5" paper (3 labeled "start" and 3 labeled 
"subtract") 

- demonstration T pieces 

- masking tape 

— for each child — 

- desk computer (Worksheet 4) 

- ruler or other straightedge 

- 2 pieces of 3" x 5" paper ^ , 

- bag with set of T pieces 

- Worksheets 22 and 23 
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PROCEDURE 



Activity A 



Discuss with the class how the T pieces computer, worked for 
addition. (It would take only certain pieces in each place, 
combine the pieces, regroup If necessary and produce the 
answer.) Then ask the class: ' ■ 

WILL THIS COMPUTER LET US SOLVE A PROBLEM SUCH AS 
. 5 -3? (No.) . ■ 

WHAT IS DIFFERENT ABOUT THIS PROBLEM FROM THE 
OTHERS WE DID WITH OUR COMPUTER? (It involves 
subtraction.) 

Place three desks at the front of the room," labeling them t2, 
T' and-T", as in previous lessons. With masking tape, 
divide each desk top into two sections and label as shown. 
(Save these labels for later lessons.) Also draw this three- 
desk computer on the chalkboard.-' 



t2 






Use the following procedure to develop the subtraction pro- 



cess. 



_THECOMPUTER MUST SOLVE THE PROBLEM, 5-3. HOW 
DOTWE-WRITE THIS IN T NOTATION? Write both equa- 
tions on the chalkboard: 

5 = 5tC 
-3= -ST^ 
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Choose five children to work the computer (a Recorder, a 
Programmer and three Computers). Tel 1 the children they 
wiil work at the desk computer doing the same thing that* 
~y ou do at your computer drawn pn the chalkboard. The 
Recorder copies the problem in vertical and T notation 
forms on the. chalkboard. 

WHAT NUMBER WOULD THE COMPUTER LOOK AT FIRST IN ' 
OUR PROBLEM, 5-3? THAT IS, WHAT NUMBER WOULD 
IT START WITH? (5 or ST^ J • ' 

Enter the pieces representing 5 (the first number or minuend) 
in the start level of the T^ place in your computer on thp 
chalkboard, You^canAaw-in^the,piecas^but it wllLbe-better— 
to tape the paper T pieces in place, (Remind the other chil- 
^dren in the classroom tp watch closely so that they will be, 
^able to work in groups later. ) The Programmer counts out the 
T^ pieces and feeds them Into tlie fO place of the desk com- 
puter. . * ' 

WE^VE NOWTOLD THE COMPUTER TO START^WITH 5. 
WHAT IS THE NEXT THING WE^MUST TELL IT TO DO? 
(Subtract 3,) ^ . 



Etiter the pieces representing 3 (the number to be subtracted — — — 

or the subtrahend) in the subtract level of yo ur comput er. 

The Programmer does the same at^the T^ desk. 

WE MUST NOW PROVIDE THE COMPUTER WITH RULES IT 
^ CAN USE ALL THE TIME TO SOLVE SUBTRACTION PROB- 
^ LEMS. 

Suggest a rule similar to this and write it on the chalkboard: 

One by one, -take the piece? in the start level and pair 
them with pieces in the subtract level. 
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Draw lines pairing the pieces in your computer. , Or, if you 
taped T pieces to the board, rearrange them so that they are 
paired up. Instruct the child at the tO place of the desk com- 
puter to pair his pieces. Tell him not to remove the pieces 
from the start level, but only sUde them together so there is 
an obvious physical pairing of the pieces. Eaqh piece in the 
subtract Ifevel must be paired with a piece i^4he start level. 

When you have .performed these operations ask the class: 

HOW MANY UNPAIRED PIECES DO vh HAVE LEFT IN THE 
START LEVEL OF THE tO PiACE OF THE COMPUTER'? 
(a tO pieces.) 

WHAT IS THE SOLUTION TO THE PROBLEM ,5-3? (2.) 

sk th^child at the place of the desk computer how many 
unpaired>l^es he has left. He tells the Recorder this 
number and tftTe^Recorder writes the answer on the chalkboard' 
in T notation andHl^en converts it to standard decimal 
•notation. 




Mention that when woi;kingV groups the Computer tells the " 
Recorder the number of unpaired pieces remaining in the start 
level at each place value. Select five new children to 
operate the computer. You may want to do a problem on the 
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chalkboard while the children do it at the computer so that 
all the children in the classroom can see what is being 'done. 
Feel free to go through this procedure faster if the children 
catch on quickly. Write this problem on the chalkboard near 
your computer: r 

348 = 3t2 + 4T' + 8T° 
- 235 = -2T2 4> 3t' ^ 5tO 

The Recgrder also writes the problem on the board. As you 
feed the pieces for 348 (the minuend) into the start level of 
your computer, the programmer feeds the pieces -into the cor- 
i^ct places of the desk computer. Then you feed the pieces 
for 235 (the^subtrahand) into the subtract level of your corii- 
puter while the Programmer does the same with the desk | 
computer. Ask the children in the classroom what'lo do riext. 
They should tell you to pair the pieces in the subtract level 
at each place with pieces in the start level of the same place 
The child at each desk pairs his pieces and tells the Recorde 
the number of unpaired pieces remaining in the start leveiat 
e^ch place. , The Recorder writes each number on the chalk- 
board under the problem. While he is doing this, yoiv'pair 
the pieces in, your, chalkboard computer. The children in the 
classroom should act as Repairmen and check your work fo^ 
see if it is correct. The children at the desk computer check 
their work against yours to see'if they are correct. After 
pairing tho pieces in each place these pieces remain: 
It2 + IT ' + 3t0. The children should have little difficulty 
transpy)sing/this into base ten notation, 113. 

Have each child take out his desk computer and draw a 
double line through each place compartment of the computer 
to separate the start level from the subtract level. Use 
3" X 5*' pieces of paper to label the divisions "start" and 
"subtract. " These labels can be placed next to the computer. 
The new de^sk computer should look like this: 




START 



SUBTRACT 



/ . ^' \ 



Divide your class into groups of three. Put at least one child- 
who participated in the^demonstration into each group to help 
the others. Let the children choose 'jobs and work several 
problems such as 74 - 32 and 629 - 512. Wallc around the 
room checking to see that each group is using its subtraction 
computer correctly. 

Point out to the children that in the tO place of their desk 
computers, they will have to match grQups of pieces instead 
of pairing individual pieces since only three pieces can be 
put flush with the dividing line. 
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Activity B 



JEIaLch_group of three children should now complete Worksheet 



22 together. The members of the group take turns being Pro- 
grammer and Computer. Each child acts as his own Recorder 
and writes the computations on his worksheet. The children 
should complete Worksheet 23 independently. 
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Lesson 8: CPMPUTER SU-BfRACTION WITH REGROUPING 

dn this, lesson a rule is devised which tells the*computer h.ow 
to subtract when regrouping is necessary. In Activity A the 
children coifiplete a worksheet of subtraction problems using 
the facts they have store3"1?f\their own memories. In Activity 
B the children use their compilers to regroup in, subtraction 
problems* , . / 

MATERIALS 

for'^ach child * — 

— ^.desk computer 

— set of T pieces 

— Worksheets 24 and 25 



torkgh««t 24 

iJnM 24 



Subtr«ct. Do not u»« your co»pul»f. 
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PROCEDURE 



Activity A 



To check the children* s 
^knowledge of subtraction 
facts, esk them to do 
Worksheet 24. Introduce 
this* test as you did with 
the addition test by men- 
tioning that the children's 
brains are like computers, , 
and can be tested to find 
out what information they 
ha5/e stored. 
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Activity B ♦ r , 

Ask the children to fonn groups of three and see that each 
child has his desk computer and T pierces. Havaeach child 
in the group work this problem with his desk computer: 
^ 43 - 26. The children in each group c^n consult each other 
about this problem. 

4 

As they proceed, the children will find that they do not have 
enough pieces in the start level pf the lO-place to pair with 
each piece in the subtract level of that place. 
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Remind the children of the. rule for subtracting with the 
computer: each piece ih the subtract level must have a 
mate in the start level. Ask the children for suggestions 
on how to pair the piecres in the two levels of the place. 
If rto one suggests exchanging a t' piece for pieces, ask. 
them what they did with the extra pieces when, they were 
adding. Remind them that they exchanged 10 tO pieces for 
1 T' piece. Ask the children how they could reverse this . 
^ process to get some more tO pieces to solve the problem. 
Wh6n they have, discovered what' to do, formulate a rule 
that tells the computer how to regroup for sut>traction prob- 
lems: ^ 

To regroup, the computer must know which T place need§ 
more pieces. Then the computer removes one piece from 
the start level of the place to the left of the one that needs 
more pie'^es and exchanges it for ten of the next smaller 
pieces. These l smaller pieces are entered into the 
start level of the T place that needs the extra pieces. 
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Now have the children agaUn try the problem, 43 - 26, using 
the new rule for subtracting wi,th the computer. Each computer 
should look like this: « o 



STA RT 



□Da 



subtractJ 



All the pieces in the subtract level of both places cari now 
be paired with pieces in the start level of both placed; The 
children should, count the unpaired pieogs in each plaice to 
determine the apswer/ They will see tjdat^J- t' ^and 7/ tO 
pieces remain unpaired and that IT' +'7tO = 17. 
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_ Two children in each group can put away their desk com- 
, puters_^arid> T pieces / so that only one computer is out for 
eaqh group. Reinind the children to rotate jobs of Pro- 
grammer, Recorder and Computer. Then have the groups 
•work as many prbblerps ^-s^^gujeel necessary for the class 
to master the regrouping procedure7~Go around tHe~roon 
checking the worl^^nd helping those groups that do not 
understand the proclairr&i.^^gest problems such as: 
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After you are assured that the cJiildrerDcnow how to subtract 
wifx regrouping, assignJAforksheet 25 to be done individuaUy 
during free tlrne^witrthe desk computers i - -If there is time, 
you- may-waiit to let the children start the\A?orkshe"et during • 
class time to determine whether any childre^n are having , 
trouble regrouping; 
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Lesson 9: DEVELOPING THE VERTICAL FORM FOR SUBTRACTION 



In this lesson the rules for the subtraction computer are 
changed so that it will handle numerals rather than T pieces. 
The arrangement of levels and columns in the desk computer 
used in Lesson 8 provides a smooth transition, to the develop- 
ment and use of the algorithm for subtraction in vertical 
form. f 

MATERIALS > . 

— labels marked t2, t'^^tO 

— masking tape 

3 "start" and 3 "subtract" labels (from Lesson 7) ' ; 

— 30 to 40 slips of paper '-^\ 
- - Worksheet 26 

PREPARATION 

Before the lesson, prepare 30 or 40 small slips of paper from 
larger sheets or provide a scratch pad for your demonstration, 

PROCEDURE 

Activity A 

Discuss the inadequacies of the T pieces cojnputer for sub- 
. traction (it is slow; we will not always have one available) • 
Ask the children to think of a way we might change the com- 
puter so that it accepts numerals instead of T pieces. 
Remind them that they used an addition computer that ac- 
cepted numerals in Lesson 4, 

Set up the three-desk computer used in Lesson 7 by dividing 
each desk into sections with masking tape^ and labeling 
each section "start" or "subtract." Select a Programmer, 
a Recorder and three Computers. 

Present this problem for the computer to solve: 469 - 327. 
Establish the procedure for putting numerals into the 




computer. The Recorder writes the problem on the chalkboard 
and rewrites it in T notation. His record should look like 
this; 

469 = 4t2 + 6t' + BT^ 
-327 = - 3t2 h- 2T ' + 7tQ 

Then the Recorder transfers the numeral and place value 
notation for each place onto separate slips of paper. 
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The Programmer enters the first ntimber (the minuend) by 
putting the appropriate slip of paper In the start level of \ 
each place. The number to be subtradted (the subtrahend) is 
entered>..in the' subtract l^vel of the coihputer. 
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After the Programmer has pushed the stall: button, the Com-., 
puter at each desk mentally subtracts and then writes the 
answer on a slip of paper, labeling it vj/lth the proper place 
value. Each Computer hands his slip to th,e Programmer, when 
it is called for. The output for the sahple problem is: ' 
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The Recorder writes the answer in T notation under the T 
notation problem on the chalkboard, and records the difference 
in vertical notation (142) under the original problem. 

Give the children as many examples of subtracting with 
the numeral computer as you feel are necessary for them to 
understand the process. Suggest various types of 'problems, 
but do not include any that involve regrouping. Give as 
many children as possible a chance to be part of the computer. 




Activity B 



"Discuss with the children the fact that we do not always 
have a computer available to help us work subtraction 
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problems. Tell them that you have an idea for making a 
chart that can be used to help subtract. 

Put a sample problem on the chalkboard. Next to it make a 
sketch of each, place and level of the subtraction computer. 
As the children tell you where to enter each numeral, write 
itin^ 
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Point to the Tp place in the computer and ask what we do 
with the numerals there^ (We subtract 2 from 8J 

... 
Write in the ^result below the bottom line of the computer 
in the column. Enter the differences in the T ' and 
places in th^e same way. Ask the children to compare the 
computer with the original problem to see if they notice 
anything interesting about the placement of the numerals ♦ 
(The numerals in the computer are in the same places as 
the numerals in the problem ♦) ' ^ . 

Erase the \mes that separate the start and subtract levels 
of the computer and ask: 

■ I 

• HAVE ];iCHANGED THE PROBLEM BY REMOVING THESE 
LINES'-? ■■ (No.) 

1 * 

I 

Erase the! start lab^l and ask: 

IF I TAKE AWAY THIS LABEL, CAN I STILL TELL WHICH 
NUMBER I .STARTED WITH? T[IAT IS, CAN I TELL WHICH 
NUMBER I WANT TO SUBTRACT FROM? (Yes, it is 
always on top.) 



7/ 

f -X 





Discuss the original problem: 



iMTFnS EXAMPLE, ^I^HAT TELT^^-US-^HAIL^EARE GOING TO 
Sl^TRACT THE SECOND NUMBER FROM THil^T?^H.<9SA4,,,,^^ 
DO WE KNOW THAT VV^ SHOULDN'T ADD THESE NUMBERS 7^""'**'**=^ 
(The minus sign tells us\o subtract.) CAN WE REPLACE ,^ 
THE WORD SUBTRACT IN ^R C OMPUTJBJWlIKraflS-" .t-fJ^*^ 
SIGT?— {¥es^l X 

Erase the subtract label and replacelT^Jiit'iv,^^ 
Draw^.IiQe^ beneath the lower numerals ofahe protei?;^^^ 
separating thenTffonrth^^^ace for the. answ^^ Mafeet tli^ 
necessW changes in your dTaJJcboard computer*»io make\it 
look .lik^ this: . "v^... ' '■ ;\ "\\. 
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Explain that nothing has been changed by altering the com- 
puter. Verify this by again subtracting the numerals in 
each T. place. Have several children do pJroblems at the 
board using the simplified chart. / ^ 

When you are sure the children understand the use of the 
chart, ask: , 

CAN WE SHOW WHAT WE DO WHEN WE SUBTRACT WITH- 
OUT USING THE CHART? LET'S TRY. 



Write a problem on the chalkboard-in-,v,ertica.l form4.iifor 
example, 633 - 502-, and suBtra-et=^j:tryr'Re1Klld«'the^^^ . 
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children o/ the place value subtraction: that is, 6 - 5 = I 
is really 6T2 -> 5T. ^:gn^or 600 - 500 = 1 00 . 6 - 5 = I is 




5?j26 using either the sub- 
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.iesson I 0: SUBTRACTION WITH REGROUPING IN VERTICAL FORM 



In this lesson the students use the subtraction chart to help 
. them with problems involving regrouping. Then they learn to 
use the vertical form to solve subtraction regrouping problems. 



iVIATER^ 

rj^^i^^^K^4mH^^ Worksheets 27, 28 and 29 




sjie|irx?&s^^ paper toc^e^t^^ss^fn^^ 



PROCEDURE 



Activity A 

Draw a subtraction chart on the chalkboard and pose a prob- 
lem which involves regrouping, for example, 482 - 265, Ask 
the children to copy the problem and solve it using a similar 
chart they can draw on a sheet of paper. 
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The question of how to subtract 5 from 2 will arise. 
Review subtraction regrouping with T pieces. One of 
the next larger pieces was removed and exchanged for 
10 of the needed pieces. Explain that since we cannot 
subtract 5 from 2, we must take a t' piece away and ex- 
change it for I 0 T^ pieces . Cros.s out the 8 in the T ' place 



V 



and put in a 7 so that everyone will know we have taken ! t' 
away. Emphasize that you take the T' piece from the top * 



IriumBerT'lFe^ 

bottom number. Then; on the chart; add the 10 to the 2 
already there; making \2T!^^' Now we can take ST^ away, 
leaving 7. Subtract in the other places, reminding the chil- 
dren to subtract 6T' from 71' , not from the 8'T' that is 
crossed out. Your completed chart should looj^ like this: 
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Activity B 
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Explain to the children that we do not need the chart to do 
subtraction that involves regrouping. Do a sample problem 
with the class using vertical form; but stressing the place 
value of each operation. 

As you work the problem; 

point out the place that ,326 
needs more numerals (the -217 
place in this example). 

Cross out the numeral you 
will take 1 0 from (the 2 in | 
thai' place). Write in * 3^6 

the remaining numeral -(I) -2 17 

*to remind yourself that 
you have taken away IT'. 



Remind the children that the 
I t' or 10 must be add ed to 

the T*^ place. Show them how i /o+tr: i(o 

you wrote this on the chart: 3 0 

cross out the 6 and write ' -2 I 7 

above it, 10 + 6 = 16. Now ^ 
the children know that they 
can subtract 7 from 16* 

Tell the children there is a 
~~^0ite)i:wayto indicate re- 
groupingirTBrr^O-^p ^ , 
We can do the addition in 
our heads (10+6= 16) and 
only put down the sum (16). 

V 

Now ask: 

CAN ANYONE THINK OF AN EVEN SHORTER WAY TO SHOW 
THAT WE HAVE REGROUPED TO THE T^ PLACE? ^ 

If no one thinks of it, show 
the children that they can 
write a I next to the 6 to 
indicate 1 6 rather than cross 
out the 6 and rewriting 16. 
The children shou^fi learn to 
do the problems this way, 

B.e sure the children understand that when they regroup a t' 
to the tO place, they are adding 10 to the number already 
in the T^ place. 

Complete the problem. Now have the children work several 
problems, preferably without the chart. If thfey need the 
chart let them use it for one or two problems. Then each 
child should work a few problems without the chart, before 
going on to the next part of this activity. Write problems 
like these on the chalkboard in vertical form: 47 -'3'9, 
627 - 243, 250 - 135. Go around the room checking work 
or let a few children come to the board to demonstrate the 
subtraction regrouping procedure. 
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When the children feel confident about regrouping, pose a 
problem on the chalkboard that involves regrouping in more 
than one pdace, for example, 322 - 158, Work the problem 
With the class, letting them tell you how "to proceed. 

If some children are confused about subtracting in the t' 
place remind them that they must regroup from the next larger 
place. They must take I t2 from the t2 place. A, t2 equals 
10 Tl , so they add I OT' to the number already in the T' place. 

Activity C 

Have the children turn to Worksheet 27 and work the first 
f)roblem or two with them. They should be able to complete 
the rest of the worksheet themselves. Worksheet 28 provides 
more practice with subtraction. Encourage the children to 
become efficient in using the subtraction algorithni with prob- 
lems written in vertical form rather than depending'on the 
subtraction chart. , 

0 

The practice and test problems on Worksheet 29 should be 
used for one 'week. Each day the children do the practice 
V. problems and then you give them the test problems. 
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^Hf.^ L-esson 1 1: ADDITION AND SUBTRACTION GAMES ' . 

Games and a worksheet give the children practice with 
" r-— — - addition and subtraction problems. The games "Fast Matii'* 

and "Mental Arithmetic" can be varied and played as often 
as you wish. 

' MATERIALS . 

- Worksheet 30 ' " 

. PROCEDURE 

Activity A: Fast Math* 

Divide the class into two teams. Each team may select a 
name, for example, "Control** and "Chaos/* If you have an 
odd number of children, ask one to serve as Recorder^ Seat 
each team so that the first person, on Control is matched with 
the first person on Chaos, etc. Since the pairs will be com- 
peting, match children of equal abilitj 
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The first pair go t6 the chalkboard, standing on either side 
of a scoreboard drawn there. Give the pair a problem. 
Both are to write the problem, add it, and record the answer. 
The first^.to write the correct ans,war wins a team point. -Fhe 
point is recorded on the scoreboard^ under the team name. 
When they have finished, the first pair return to their 
desks and the second pair go tHrough.the same procedure* • 
This conti^jiues until everyone has done a problem. Play 
the game again, this time using subtraction' problems. 

You may want to stop during the^garne to discuss any proh"^ 
lems that arisel _Such discussions ^can be a good learning 
experience. ' Children who are* slow writers will be at^. a * 
disadvantage, but may find they can still win by doing the 
computation rapidly. Both their writing speed and computa- 
tional skills may benefit from the competition. 
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This game can be used in several ways, Children who £^1 
their work early can get together in sma^|.jgroups to play \ 
round or two. You can divide the childr^ rnt'o*teams ac~ \ 
corfling to abilities and needs, and assig^ the problems ac-^ 
cordingly. Childre^i ..who need remedial work should be es- 
pecially encouraged to play the game on^their own. . For 
another variation, alternate addition and subtraction problems 
during the same round • 



Activity B:, Mental Arithmetic ^ < . • 

The Mental Arithmetic game from Lesson 3 can now be expand- 
ed to incjludie subtraction/^ Pose problems such as^, 7 - 2, 
8 - ^5, - When the ahiij±:en • ocome proficieniat add- 
ing* and 'subtracting mentally, I you can vary the gameNj^y ask- 
ing problems that involve twO|^ operations,, such as 
10 -6 + 3 and 8 + 10-8. You can use^this activity during 
unstructured time, for exbmple, when -the children are llpng 
up to leave the room or when they are getting out new 
materials/ Spend no more thejn two or three minutes eacl:^^ 

time you play. ' \[ \ 

I. ^ 



Activity C 



Worksheet 3^ gi^^s the^ children practice in recognizing 
addition |nd subtraction combinations which yield ^0*s or 
I0b'*s, ds the children complete the workslieet ask them 
^.^they c|in find a pattern that helps them finish the problems 
^^•--fa*&teiw.|:he pattern in the first problem is: 




10 



10 



30 



— ' -^-^=fo-i^vi^e-mor^ practice with th.ese types of combinations, 
use similar problems during the Fast Math game. \ 




or subtract. 



4*6*3*7* 9*2^ Jo 



JO * 70 * 40 * CO * 70 * 30 ao * 20 : 



100 * aoo * 300 K I 



10 **ao * 00 * 9o « 



fO - 90 * 60 - X> * 30 • 60 



« * 30 * 43 * 57 « 21 * 79 > 




SECTION 3 



MEASUREMENT 



PURPOSE 

- To review units of measure and notation for these units. 

- To observe the relationships between units in each systeni 
of measure and compare them with other systems of 
relationships (place value systems, etc.). 

r. To establish a feeling for relative size among some 
' common units of measure. 

♦COMMENTARY 

In Section 3 the students investigate several systems of 
measurement. Physical representations of these measures 
are used to establish a feeling for the size of each measure 
and for the relationships between the measures. The chil- 
dren should be encouraged to play and experiment with the 
materials during free time. 

The study of measures of volume, length and time duration 
is included here to emphasize and contrast the relationships 
among the units in each of these systems with those of our 
base-ten numeration system • The relationships between 
measures of volume are regular, as are the relationships 
between place values in the base-ten numeration system. 
The relationships between measures of length and time are 
not regular. These similarities and differences should be 
emphasized. ' • 

Lesson 12 deals with the measure of liquid volume. The 
units that are studied include the half-pint , pint, quart, 
half-gallon and gallon. The children set up a base-two 
computer t6 help them in the addition of the units of liquid 
volume measure. The students draw concept tree diagrams 
to illustrate .the relationships among these units. Lesson 
12 will take two class periods. You must supp^ly one half- 
gallon container and one gallon container. ^ 

In Lesson 13 the children study the British system for mea- 
suring length. They compare the British system of inches. 




feet and yards with the metric, system and find that the 
relationships among the metric units are regular: each unit 
is ten times as- large as the next smaller unit. The children 
make a concept tree illustrating the irregular relationships 
among the British units. The children do not set up computers 
in this lesson, but feel free to encourage them to do so on 
their own. As a class the children should discuss how these 
computers would work even if they do not actually set them 
up. This lesson will take two cla^ periods. 



Lesson 14 is an investigation of the measurement of time 
duration. The children make physical representations of 
seconds, minutes and hours to illustrate the relationships 
;amon^ these units. Encourage the children to discuss how 
a computer for time duration would add amounts of time. 
They should be encouraged to set up such a computer, or at 
least make Op the rules for it, even though they do not act- 
ually set up the computer in this lesson. The lesson will 
take one class period. 

The abacus may be used to provide a representation of the 
relationships that exist among the units of measure in these- 
measurement systems. For examples 



/I 



Section 3 attempts to emphasize the relationships among 
units of measure within any given measurement system. 
Tn all of these investigations, the students should be 

encouraged to finish the following statement: units 

of this size are equal in value to one unit of 'the next larger 
size. 
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Lesson 12: 'llQUID VOLUME MEASURE 



Though mcAi, of the world uses metric unit^ to measure liq~ 
\ uid volume, the United States uses the half-pint, pint, ^ 
quart, half-gallon and gallon. In this lesson the children 
investigate the relationships among these ^common units of 
liquid measure. The lesson should take two clas^ periods. 

■9 

In Activity A,the children study the relationships among the 
half-pint, pint, quart, half -gallon and gallon containers . 
In Accivity B they build a base-two computer that adds 
volume measures. These two activities should be done the 
same day. 

Activity. C is optional, depending on whether or not your 
class needs more practice in adding with a base-two com- 
puter as^they did in Activity B. You may wish to use^lhe 
agtivity for remedial work with some children or as a ten- 
.minute review at the beginning of the class period on the 
second day. 

In Activity D the children make a diagram called a concept 
tree which provides a visual representation of the relation- 
ships among the different sized containers. 

A timr^ schedule for this lesson could be: 

Day 1 : .Activity A - 10 minutes 

^Activity B 20-30 minutes 

<? 

( Day 2: Activity C -(Optional or 10 minutes if 

. used for review) 



iiCtivity D 30 minutes 



MAtERIALS 



de^k labels marked "Gallon," "^-gallon, " **Quart/' 
"Pint," H-pint" and "Bank"" 

containers (with sizes labeled): 19 half-pint, 9 pint, 
4 quart, 2 half-gallon and 1 gallon 



- masking tape ' 

- water dipper or cup 

- yarn or string ' 

- water 

' - 10 - 20 slips of paper 

-V large bucket or pail and a sponge (optional) 

- Worksheets 3^-35 

PREPARATION 

For this lesson you or the children should bring in one 
half-gallon container and one gallon container. Before 
the lesson, make one each of the desk labels mentioned ' ' 
in the Materials List. Using masking tape, also label 
the size of each container. Place the containers on the 
table you will be using for the bank. The children will 
need a supply of water for this lesson. If you do not have 
a sink, have a bucket of water in a place that is conven- 
ient for the children. Since there is bound to be -some spil- 
ling, have a sponge ready. 

PROCEDURE 

Activity A 

This activity illustrates relationships among the various liq- 
uid measures. The children will have an opportunity to 
handle the containers andialk about the relationships they 
^discover. The activity serves as an introduction to units of 
volume measurement and will provide an opportunity to com- 
pare a base-two system with the base-ten numeration system. 

" Place one labeled container of each size or a table. The 
water supply should be nearby. Have two students come to 
the table and assist you. One student will be the Experi- 
menter and 'one will serve as Recorder. Write the title, 
"Liquid Measure, " on the chalkboard. In a. column to the 
left on the board write " I pint/' I quart*^^*' "^-gallori/^ and 
"I gallon." ^ 
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Have the children turn to 
Worksheet 31 'which is a 
_cppy^_-of-4-he liqurd' rneasuf e 
char^-^you ha*'e dfawn on the 

^halkboard,... The child ren 

at their desks will fill in 
The worRsheet as the Experi- 
menter and Recorder demon- 
strate^at the front of the 
room. Explain that the Re- 
corder will be responsible 
for entering information on 
the chalkboard chart. 



Vorkkheet 3i 
Unit 24 



^ Pint, Pint , Ou.»rt , A fvtl Ion, Uil I 



"""'^ (ED \Ej 



'-°"-|i£jfJT"] 



Give the Experimenter the half-pint container. Then ask 
the class: 

HOW MANY TIMES \yiLL THE EXPERIMENTER HAVE TO 
EMPTY THE HALF-PINT -CONTAINER INTO THE PINT CON- 
TAINER. IN ORDER TO FILL THE PINT CONTAINER? 

Guesses may vary. Have the Experimenter fill the half-pint 
container with water and pour it into the pint container. The 
other children in the class keep track by counting each half- 
pint that is poured into the pint. Each child draws a repre- 
sentation of each half-pint on his worksheet. The Recorder 
draws^and labels a representation of the half-pint container 

89 . 




on the chalkboard to the. right of the one-pint measure. 
Each time the Experimenter fills and empties the half-:pint 
container, the Recorder and children at their desks should, 
sketch and label a representation of the container. When 
the pint container is full ask: ' 



HOW MANY HALF-PINTS DID IT TAKE TO FILL THE PINT 
CONTAINER? (2.) 

The Recorder should repeat this as he checks his diagrani, 
(Reading from left to right, "one pint equals two half-pints. ") 

Now use the pint container and ask the class to guess how 
many times the pint will have to be filled and emptied into 
the quart container. Follow the same procedure using the 
.quart to fill the half -gallon and the half-gallon to fill th^ 
gallon. The Recorder and the children at their desks draw 
and label representations of the containers. The chart should 
look like this: * 




Ask the children to imagine a computer set up to add volume 
measures. 

WHAT WOULD SUCH A COMPUT&R LOOK LI^E? (There 
would be five desks labeled "^-pint," "pint," "quart," 
"i-gallon" and "gallon."^ 

(You should erase the liquid measure chart at this time.) 
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Draw a chart representing this computer on the chalkboard. 
Tell the children that last week you bought a half-gallon of 
milk, a quart of orange juice and a half-pint of whipping 
cream. Write these amounts in the top line of the chart. <• 
Have the children tell you where each numeral goes. Then 
say that yesterday you bought a quart of milk and a half- 
pint of coffee cream. Put these figures in the chart. Then 
ask the children the total qua^ntity of liquid you bought, but 
do not write down their answers. 



4-, 



0 
0 



2^ 



/ 



Q 



/ 



0 



o 



2 



/ 



OUR COMPUTER NEEDS SOME RULES TO TELL IT HOW 
TO ADD LIQUID VOLUME MEASURES. LET'S SET UP'A 
COMPUTER AND MAKE UP THE RULES SO THAT IT CAN 
ADD THE QUANTITIES IN THE; CHART. 

i 

Leave the chart on the board and go on to Activity B. 



Activity B 
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Briefly review how the T piece Computers were set up. 
(Desks were labeled to represent place values and children 
were selected from the.cla'ss to ^ct as Recorders'/ Progra^yi- 



mers or Computers.) Recall tha 
it was told to do. 



certain rules for the computer to 
Rule 1 . Each place could 



i: the computer did only. what 
Emphasize thpt it was necessary^to make 
follow. The rules were: 



accept only one l^d of piece* 



SI 
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Rule 2. Each place could not have more than nine- 
pieces. (If there were more than nine, ten 
pieces had to be traded in for the next larger 
piece,) 

Rule 3. Each place must tell its contents tathe Pro- 
gramm:er when he calls for it. 

Have five children push their desks together in front of the 
room. They will act as Computers. Bring oat the desk 
labels and masking tape. By studying the column headings 
the children should be able to tell you where each label is 
to be placed. Tape the labels to the desk as the children 
locate the prosper positions. Give each child a few small 
blank slip^3 of paper. \ 

Select one student to serve as the Banker. Have himc^ome 
to the bank and group the containers according to size With 
the smallest containers on the right side of the table. (The 
containers should already be labeled.) Ask the children if 
they agree with the grouping and ordering the Banker has done, 

ARE THE CONTAINERS GROUPED IN ORDER ACCORDING 
TO SIZE? (Yes.) 
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Ask the danker to read to the class the label on the smallest 
container. Point to the title in the right-hand column of the 
'chart oh the chalkboard. The Banker should continue to 
read the ia-b^ls on the containers in each size category as 
you point to' its place on the chart. Then ask: 



\ 



SHOUlD:WE FEED T PIECES INtO.^UR COMPUTER? 
(No, we should use half-pints, pints^quarts , 'half- 



gallon^ and gallons.) 



\ 



Choose a Recorder and two Programmers^. Have the Recorder 
read the quantities in the first row of the chart (one half-pint, 
one quart and .one half-gallon) while one Programmer gets the 
container corresponding to each measure from the bank. 
These containers „ should be filled with water and put in the 
proper places in the computer. X 
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The other Programmer should then go to the bank and get t^ 
containers that illustrate the amounts for the second.rowas 
the Recorder reads these quantities. The Programmer fills 
these with water and puts, them- in ,the computer. Now the 
computer must find^the" total. Before it can do so," it must 
• have a.set^ot^trles to follow. Keeping in mind the rules that 
the a-d4itix)n and subtraction computers followedy ask. the 
children to suggest-r,ules for this computer. These should 
include: . ' " 

^ 

Rule I . . Each place in the computer can. accept only. 

one kind of unit, '* . / 

Rule 2. The Computer counts the number of containers 
in each place. ' . 

0 

Rule 3.. The computer feeds Out the number of .units in 
• each place. 

' « 

.When the computer follovys these rules it will feed out these 
totals. (Write them on the chart.) 
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/ 
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Suggest a rule for the computer to regroup: 

Rule 4. If any place in the computer. contains enough 
of one kind of unit to fomi the next larger 
unit, it must exchange the correct number of 
^smaller units for one unit of the next size 
and put that unit in the-proppr place. 
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Remind the children that in the T pieces computer, 10 pieces 
of one kind were exchanged tpr I of the .next larger pieces. 
But this computer is different. Lead the children to suggest 
filling the s mo Her containers with vvater arid then pouring 
the water into' the larger container ^ In this way thqfy can 
determine ior sure how many smaller-containers equal 'a 
larger one. ^ . • ' 

There are two half-pints in the computer, soothe child at that 
place asks the bank for the next larger unit, one pint; He 
pours one bf his half-pints into the pint cpntainer and dis- 
covers that the pint container i^ only about half full. If he 
thinks another half-pint will fi^t into the pint, let him pour it 
in. He will see that two half-pints^ equal one pint. Then he 
puts the filfed pint container into the proper place in the com- 
puter and returns the half-pints to the bank. Emphasize that 
two half-pint containers hold exactly the same amount of 
water as one pint container, that is, these two measures are 
equivalent. (If the tvyo half-pints did not. completely fill the 
pint container, have the children speculate as to why they 
did not. Perhaps the two half-pint containers were not com- 
pletely full or some water may have spilled while the child 
was pouring.) 

The last rule for this computer ^should now be revised to say: 

Rule 4. . If two containers api^ear in any one place at * 
the computer these two must be exchanged 
for one of the^ next larger containers. An ekr 
ception is gr lion's place which can ho^ld more 
than two containers. 

The child at the quart place of the computer exchanges the 
two quart containers for' one half-gallon container. A^ain 
emphasise that these are eguivalent irf volume./ Wh eft the 
new half-gallon container'is pfit in the proper place^ two 
half -gallon* containers can be exchanged for a gallon con- ^ 
tainer. * i ^ * * * 

The children a't tlie computer , .starting with the halfr-pinf 
place, feed ou]t the numerals 0 , I, 0, 0, 1 1- by writing them 



on slips of paper. Each slip should also be labeled with 
the place value. The Recorder fills in the chart, on the 
chalkboard. ' * '! * ' ' ' ' ' 



Choose other children to operate the computer and worl^ 
few more problems,. The children should learn to discriminate 
. \/isualiy among the sizes of the containers, so remove the 
labels a^ soon as'possible. . : ^ * . 

While the children, are i/sii^g the computer to do prpblems, ^ 
discuss with them its similarity to the addition and subtrac-' 
tion computers they^used that were base-ten computers. 
The rules by which t'ho3e computers and this one operate ' 
are the same exqept that this computer must regroup when 
it has two or more containers in a place. The base-ten com.--^ 
puter did not regroup until it had ten or more pieces in a, 
place . Let the children discas.s the idea that .this computer 
.could be use(^ to add and subtract numerals using any base, * 
with only slight changes in the rules to allow for-regrpuping 
in the proper base* - ^ 



Activity C 



In this activity the qhildren do more addition problems with 
volume containers and the computer. If the children in your 
class did well' on Activity B, you can omit this activity, or 
perhaps go through the procedure once as. review* befbre start- 
ing Activity D« . ^ - « ^ ' 

Place all the containers li-sted in the beginning ot this les-- 
son pn a table* ^peaignate fiye desks to be the'.cQmputer 
and label them with the place! Value names. The children 
at these desks can serve as Computers. Select a child to 
be Recotder and have him draiv a diagram of'the computer ^ 
• on the chcilkibbard. The children w'ho'do nc^t have a role 
should act as Repairmen, watching carefully to see y^at the 
containers are fed into the proper places. Randomly* distrib/ 
ute^ivv^e^ container* to each Repairman* Call on threi students 
to "fe^d** the containers they have into ;the computer one at 
a time at the proper place. It is important that no two chil- 
dren you call on have the same size container* Q 



,The Recorder should write on his chart in the proper place 
the number of containers that have been entered or fed 
into the computer. For example: * . 



Q 



2 



0 



/ 



/ 



0 



I 



Call on two to fear more children to feed their containers 
one at b time into the computer. The Recorder should write 
in the second part of the problem on his diagram. 
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Now that the computer has been programmed, have each 
place add the number of containers it has. Remind the Com- 
puters that each place must trade in its containers if it has 
two or more. If a place needs to exchange two of its con- 
tainers for the next larger, that child should find the proper 
container on someone* s desk arid excHange it for his two* 
He should^take the larger container babk to thfe computer and 
put it in the next larger place. Whij^the computer is re- 
grouping, the Repairmen should watch for errors.*' You may 
want to allow the person finding an error to replace the person 
who made the mistake. 



®..When the computer has finished its oomputation, the Record- 
,er calls on each place to tell itfi answer. The solution to - 
the sample problem is: 





In some problems the gallojn's place may end up withinore '/ 
tfian two containers. Remind the children that the number of 
, gallons can go over two without regrouping. (A barrel is 
• usually a 31^-gall6n cpntainer and a hogshead is a 63-gallon 

container, but the children do not need to^ know this,) 

f ! 

Have the class dp several problems following this procedure. 
Let different children operate the canputer each time so that 
^ver^one in the class gets a chance. r-^^. 



Activity D 



forUhttt 32 
Uilt 34 



Naae_ 



In Unit^'z; Sand 21 the 
children used concept trees • 
to classify curves and sort* 
sets of objects into^JSubsets. 
The relations ainong the 
various liquid measures can 
be jdescribed by building a 
concept tree. 

Placer 1 9 It^lf-pint con- 
tainers in -a row on a 
table or orf|the floor. Have 
the childrefe turn to Work- 
sheet 32 w|ich they will 
complete ak you demon- 
strate*. Then ask: 

HOW MANY HALF -PINT 
CONTAipRS DOES IT 
TAKE TO MAKiE A PINT 
^ CONTAINER? 



(It may be necessary to recall the regrouping the children 
did in Activity B.) Then place one empty pint container in 
front of two half-pint containers in your display, l/se yam* 
or string to connect the two half-pints to the pint. The chil- 
dren should draw a pint container on their worksheet that 
depicts the .same relationship. They should draw lines to , 
the pint container. 

HOW MANY' MORE TIMES CAN WE SHOW THAT TWO HALF 
.PINTS MAKE A BINT? (8.)' ' " . - 




Have a child come up and put 8 pint contafiiers in the proper 
relationship to 16 half-pint containers in the display. Again 
he can use yam to connect the containers. Similarly have 
the children xiraw eight more pint containers each in relation 
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to two half-pint Gontaineite on the worksheet and connect 
thenv*with lines. 




Note that one half-j^'int coi^tainer is left over and ^annot be 
paired. Ask the. class: 

HOW MANY PINTS DOES IT TAKE TO MAKE ONE QUART'? 

Select another child to come to the display and depict this 
relationship. He should place one quart container in front 
of each pair of pint containers and connect them with yarn. 
The other children represent the relationship on their work- 
sheets by drawing four quart containers and connecting each 
quart to the two pint containers it equals. Again, one pint 



cannot be paired. Follow this procedure and combine quarts 
to make half-gallons and half-gallons to make a gallon. Have 
the children complete Wprkeheet 32 as'you complete the dis- 
play. The completed display should look like th€ diagram 
below. 




Review the tree diagram and what it shows, 

WE BEGaI^ WITH 19 HALF-PINTS. WHAT DO THEY 
EQUAL? 

Answers may be given in terms of pints, quartSi half-gallons 
or gallons. Accept all answers but be, sure that the children 
do not forget the pint and half-pint that could not be paired. 
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IF THERE WERE MORE HALF-PINTS COULD WE BUILD- 
' ANOTHER BRANCH FOR OUR TREE? (Yes.) 

Continue asking the children, what each level of the tree 
equals in terms of the next larger level. Summarize the tree 
diagram: 



WE HAVE found that 19 HALF -PINTS EQUAL ONE 
GALLbN, ONE PINT AND ONE HALF-PINT, 



forkJh#tt 33 

Unit 34 



OMitg* half'plnt* to Uriter unlU. Reaetriwr th« niir 
for rtfrouplnn. 



3 half-pintt 

4 half-pint* 
7 hair^plntt 

10 haif-plntt 
12 hair-plnti 

14 half-plnti^ 
U Tuiif-plnti 

15 half-plntt 



sallon I Kalton qu«rl pint ^ pint 
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Help the children start Work- 
sheets 33 and 34, Remind them 
(if they forget)'-that they must 
regroup when there are two or 
more containers in one place. 
Be sure the children understand 
how to use the. concept tree to 
find the relations among the 
various units of liquid .measure. 
Have the class complete these 
two works^heets and \yorksheet 
35 by themselves. 
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■ Lesson" 13: LENGTH V'. 

This lesson begins with an activity^at presents a brief 
* history of measurement* It demonstrates the necessity of 

standard fzed systems of measurement and motivates 
' ' children to explore the twp Systems that are in/use today. 

The students compare the Brdtish and metric sys^tems, and 
are introduced to the units of measurement used in each. 
The first two activities should take one-class period. 

In Activities C and E the children investigate the relation- 
ships among Jthe units of measurement; in the British system. 
Activity D is an optional activity that encourages further 
investigation of the metric system,jgnd^her 
among its units. — -..^ 

MATERIALS 

— foot ruler for each child 

— yardstick for every pair of children - . . 

— meterstick % - - - 

— paper . 

— Worksheet 36 ' ' .as? 
PROCEDURE . . 

Activity A 

Before standardized measures were introduced, the lengths 
of various parts of the body were used as approximate mea- 
\ sures. In this activity, the children will use their feet, 

thumbs^ hands and arms.to measure things in the classroom. 

• * ■ • 

Explain to the class that a long time ago these measures 

. ' were used; 

yard = the distance from the 
tip of the ndse to the " 
end of the middle fin- 
ger on the hand of an 
* ' outstretched arm. 
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foot = . the length of any 

available foot* ,< 

palm = the width of four 
fingers when the 
fingers are closed. 

inch =: the width of the 
thumb. 



'1 



Have the children choose partners. For each measurement 
the children make, one child in-each pair should lay down - 
the appropriate appendage while the other marks where.the 
measure falls. Have the* pairs .keep records" of their mea- 
sures on paper. ' ^ . > • 

ksk each pair to measure the width of a student's desk ia 
. p^^lms and inches and record their results.. Then have sev- 
eral different pairs measure the width of the door in palms, 
the length* of the ch'alkboard in yards, the iengtK of the * 
radiator or, other object on the floor in feet,, and the length 
-of ^ -textbook inlinches. Choose children who vary in size 
to measure the same object. . \ 
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Have all the pairs that measured the same object read their r 
results. Ther^should be srome variety ambag the answers. 
Ask why these discrepancies ocaurred (people are different 
sizes).' Lead the children to the ide* that a more accurate 
system -of. measurement is headed for precise measuring. 

Activity' B • , • ' 

Tell t?fie children that a long time ago people discovered 
what the class ha& just discovered: that a more precise- ' 
system -of measurement vl^as'needed. Write the words 
"British*^ and ''Metric" on theL.chalkboard and explain that ' 
•these are nam.es of two systems of measurement. Show^the 
children a yardstick and write "yard" under the proper fiead^ 
^ ing. ExplaiTi that this is one of the -measures in the British 
system-. Ihen show the children a meters tick, compare it'' 
withltheyardstidk and write. "meter" under '"Metric." Ex- 
plain that this is one of the units in the metric system. 

' Write the other units of measure used Iti each system be- 
neath the proper heading. , Ask the cliildren to examine. 
. these closely and tell you how many of each' kind of unit it 
takes to make the^next larger unit. As you "enter the mea- 
sure, draw lines on the board to show the lengths of those 
measurements that will fit on the chalkboard. The completed 
* chart is sho^n below. . * , . 



British" 


Metric 


1 2 inches = 1 foot 
3 feet = 1 yard 
5280 feet = 1 mile 


10 millimeters - = 1 centimeter 
10 centimeters = » 1 decimeter 
10 decimeters =7' 1 meter . 
JO meters ) deKameter^ 
lOdekameters = 1 hectometef 
KO hectometers = 1 kilometer 



lOG ' 



Point out to the children that the relationships among the ^ 
metric units are regular. Each unit is 10 tiiqes larger than 
the. next smaller unit. Ask thfe-chiidreri wliat a computer 
ifsing the.metric system would look )ike. Ask how i^ny 
metric units could be in each place of the computer before 
the:^ would have to regrpup. (9. If there we're 10 ffnits, the 
computer could ^change them for i of the next lairger units. ) 

In contrast, point out that'thfe British'xmits are not regular. ' 
For example, three feet make one yard, but 12 inches make 
one foQt. Ask the children to imagine a computerusing the 
• British system*. Lead them to see that they would have to 
. • ■ have a different rule for regrouping at each place. 

Activity O * , . , 

Choose an object in the i*oom, for instance ycSur desk top, 
a^nd have a child measure its length in inches with a yard- * 
stick. Have him write the -length of the object in inches on 
• the chalkboard^ ^ 

^ ** 

-Then have each student take a blank sheet of paper and 
''mak^ the same number 'of dots as inches in the object along 
one edge. of the paper. You should represent , the inches with 
!dols on the chalkboard. Then ask how we could' tell the 
number of, feet .in the object. (Connect every 12 inches.) 
Draw lines to make a tree diagram which illustrates that 
every twelve inches are, equivalent to one foot, and have * 
the cfiiidren do the same on their papers. When they have 
finished,' ask them to count the number of f^et and remain- 
ing^inches on their charts'. 

In the tree diagram below, there are 38 inches or 3 feet, 2 
inches } or one yard , 2 inches . © 



Have the children chcx)se two other objects to measure. 
Ask them to make diagrams to represent the lengths they 
find in yards, feet and inches ♦ The children may choose 
to measure and compare their own heights. 
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Activity D • ' V, 

This, activity is optional. Repeat Activity C lising the meter 
stick for measuring lengths. Have^the children draw a con- 
cept tree to illustrate the length of ^ object they measured. 
The completed .tree wiir .show the relationships among the 
units of measurement in that system. Compare these with 
the relationships among the British system of measure. 



Activity E - - . . 

In this activity the children have the opportunity to .practice 
their measuring skills* Worksheet 36 provides a list of • 
things to be measured* The children should measure each 
' item to the nearest units indicated at the right of the v/ork- 
sheet. For example, the width of a window is to be mea- 
sured to the' nearest foot while the length of the chalkboard 
is to b6 measured to the ne^aire.styard. Have the children 
work,individually 'or in pairs. • , ^ • • 

The last four. lines on the worksheet are blank so that you 
or th,e children can chqose some items to ineasure. Ask 
each child or pair of children to decide which unit of length 
to use to measure euch object. After ^all the-m^asurements 
have been taken, children can check with each other to see 
' if they 'found the s.aipe measurement for each object. . Have 
' ' them justify the appropriateness of the units they choos^ 
for the last objects.: . ' 











*~ f 




Vorluh««t 36 NftM 

iMit 24 






Mtaaurt. Vmt a ruler or a yardatlck. 






i 

Unitth or tht teacher** dcak (ruUr) 






Width of the roo«. (yardAllckl 


vardi 




Vldth of one «lndo» '(i^uler) ^ 


Tttt 


] 


Untcth or thta worksheet Irultrl 


_lnch«i 




width of !>our^ik Irulcrl 


Inchet 




Unitth or a table (rulerl 






'* Lenitth or the ch«lkboard lyarditlcki 






Write in thw object, It* ataiurwatnt, •nd.^he unit yoi» 
•eatured «lth« ' , / 












» 
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Lesson 14: TIME 
h 

Clocks measure tinie in seconds, minutes and hours. We 
^also use. day, week, month, year and century to describe 
units of time, In^fhis lesson, the children investigate 
relationships' among some of the units of time measurement, 

K4ATERIAES • 

— " 2 or 3 sheets of paper per child 
- clock with second hand 
masking tape 

^ ^ Worksheets 37 and 38^ ' ^^^'^ 

PROCEDURE ' ^ ^ ^ 

Activity A . ^ ^ 

Discuss with the children the relations among some of the 
u.nits of time measure. As varipus units are mentioned, 
li^t them on the chalkboard. Your list might include: 

60 seconds = 1 minute 365 days =-_.Lyear - 
,60 minutes = 1 hour 366 days = 1 leap year 

24 hours ' day 100 years = 1 century 



We are accfustomed'^to watching a clock to determine the 
passage of a certain amount of time. It is interesting to 
try tQ judge dome amount of time with our eyes closed. 
Tell the children that they will try to judge when 60 seconds 
have passed, • - /■ ^ ^ * » . 

Ask the children- to. close their eyes and keep them closed 
for 60 seconds starting wheayou say "go," Tell them'to 
-open their eyes when they- think the time has passed. When 
they have their eyes closed you will be writing numerals o^i 
the 'chalkboard to indicate the number of seconds thatJiav^ 
lapsed. Start writing 5-secbnd intervals after 15 or 20 sec- 
onds have gone j^y. As each child opens his eyes he hotes 
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.the numeral you have just written to discover how long he 
actually had his eyes closed. Caution "the* children not to ^ 

- talk after the9 open their eyes so they-do not give away the 
time. , There will probably be much variation in the amount 
of time the children keep their eyes closed. 

Ask the children if they think they feould,come closer to 
judging"60 seconds if given another chance. Repeat the 
procedure three of four times to allow each child to inodify 
his techniques for 6stimaj;ing the length of a minute*s du- 
• 'ration. After a few trials you may want to ask those chil- 
dren who came close to 6.0 seconds what methods they 
used to make judgments; but do not spend too much time 
on this . * ' . ' ^ - 



Activity B 



mc . 



Give each student two or three sheets of paper. Appoint one 
child to be the clock watcher. He is to call out each sec- 
ond in one minute. When you say***go, " the clock watcher 
is to start his count! and each child is to make one tally per. 
second for 60 seconU§-.on the edge of one sheet of paper^ 
Some of the children will need to use a second sheet of 
paper while others-will crowd ^11 their mark^ into a small 
. space along the edge. Point put that these differences do 
not matter; each child's marks represent^ one minute. ^ » 

•] ' . 

-The children cafi illustrate that it- takes 60 secorids to make' 
one minute by^dtawing-'lines to show that all the' second 
tallies produce one minute -tally. 
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Ask: * ■ . . 

HOW MANY MINUTES DOES IT TAKE TO MAKE ONE HOUR? 
(60.) 

HOW CAN WE USE THE MINUTE REPRESENTATIONS" WE 
HAVE MADE TO ILLUSTRATE ONE HOUR? 

Allow the children to give their ideas, and then suggest 
that an hour could be illustrated by taping 60 minute repre- 
sentations to the chalkboard. Have the children bring their 
minutes to you. Since there will not be enough to represent 
an hour, have the class repeat the procedure to generate 
more minute representations. 

When 60 minutes have, been made, the representation of an 
hour can be constructed by. taping them to the chalkboard 
and connecting each one* to a central point with chalk lines.* 
This procedure may seem to be busy work, but do not ha-sten 
to drop the activity. Although students have occasion to 
discuss the relationships that exist between units of time 
measure, they seldom tsee these relationships other than on 
a clock face, . ^ 

Ask the children how this system of time measurement would 
work in a computer. Point out that there eire 60 seconds in 
one minute %nd 60 minutes in one hour, "but there are 24 hours 
->in bne day. The children will see that a computer would need 
one rule when regrouping the. seconds aiid minutes, but it 
would need different rules for regrouping hours into^days , 
days into weeks* weeks into months, and months into years. 
Ask the class to state these rules,. If you^have time, set up 
a time^ measurement computer and have the children do some 
I^roblems that involve regrouping. ' ' ^ 



To review the relationships among time units, complete the 
first part of Worksheet 37 with the children. Worksheet 38 
reviews material covered in Section 2. 



lorkah«tt^37 

Vntt M 



F.lll in th* blanka. 



alnutt j£l.a 



ctntury 



t 



/ 



l*yr " - 



73 ttcondi alnutt ■Mi_:^Mcond«. 

100 iilnutti "J! hour *M jS^«inu«ti, 

14 dnyi « ^ mmmkM 



24 hour^ « L-d«yi and 



.hourt. 



Johnnia rtn for 2 alnutti and 27'Mcan4a and t>»n h* 
rtattd. H*> th«n ran for I alnutt and 15 Mconit. Ho» 
ionj did hm run aitoa^thtr? «^ <W -fy J4i>a«i^. 

M«ry ptcktd raaplwrrlti for I hour and 30 ainvtta In tlia 
•ornin* and t hour, and 90'*'alnutii In tho afttrmwi. H«« 
looK dtd »h« pick b«rrlaa tttet dav »«-^W» ^/o»^^ 
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Can you do thtat? 



3 houri 
> 2 houri 



57 atnutti 
6 alnutti 



_b.houri . .^alnutti 



9 yardi / foot 7 Inchot 
- l.yard . 2 f»tt ^2 Inchoa 
-i-yird ^fftt /^Inchoi 



Fill In tht blanka. 



4 fMt 7 inchii 
♦ 2 t—X a Inch- 

2J—i 0 unch— 



hours -Mjitniitii 
- 1. hour ao «lmiti i 
i^houri «£_atnutai 



11 half-plntt «^_L.half-faMoiia, JL_»inta and / 
half-plnta. 



Which li lonc«r, a iwttr or a yard? 



}f*t,r 



WhUh li •or«» tlM, • alnutt or a ■«e«idT 



Which holdi Mort, t pint or a quart? 
Which li Ibtiftr, 3 t—t or t yard? 
Which li Bor* tlaa. I hour or 70 mifmitmmi 7cm>t*fm 
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SECTION 4 



THE POURING SYSTEM AND THE BALANCE BEAM SYSTEM 



PURPOSE ^ 

- To introduce the children to self- instructional materials. 

~ To provide the children opportunity to analyze and compare 
two (different systems i 

- To prpvide practice in using graphing to analyze systems 
and to store data. - ' 

COMMENTARY \ 

This section consists ox two booklets in the Student Manual, 
both of which are designed to be read and completed by the 
students, wittea piinimum of help from^^you. ....."^ 

1 . You will want to read through^ the copy of the book- . 
lets with answers, but you should also complete both 
]l booklets on your owh to familiarize yourself with the 

V content befoi^e introducing them to the class. This. 
V ' ' will help you anticipate problems the children might 
'"^^ encounter. - . . ^ ^ * * 

2.. Ther^pecessary materials for the bboklets should be . 
^ plad^^-^ip'a convenient spot in the classVoom. The 
stud'e)itstwork in pairs. Each .child fills 'in his own 
ajis^vers; "in the booklet in his manual. 

3. Half the class begins v\/itli*the Balance Beam System 
while the other half' begins on the Pouring System . 
because there is-not..enpugh equipment for all chil-.. 
^ dren^^todo the sajjne booklet at thfe,;.sa me time. As 

, * each pair finishes oni'^ booklet, they go on to the 
other one. Eafch booK should talce no more than one 
week. Even ii some phildren.do not finish in that 
time, they miist^tarti| oh the other booklet. They can 
^jomplete the booklets in their own time- if they wish. 
Those children who finish both booklets quickly can 
' spend the^ remaining time playing the mathematical 
' games froipn Lessons 3, 6 and II., 



4, A letter to the students appears just before the 
booklets in, the Student ManuaL The whole clasB 
should read the letter together. Each pair of ; 
students work together with the pouring and balanc- 
ing, but each child siiould decide his own answers • 
.Then the two compare answers and go over the work 
if necessary, until they aigree. 

5, The students should work swiftly but carefully 
through their booklets. You should check each 
pair' s work daily to be sure that they are not 
making errors such as working with an unbalanced 
beam, spilling water from a measured tube, or 
writing ordered pairs incorrectly; You may want to 

*■ walk- around as the students experiment, checking 
their procedures and written work. 

Though the children may not have worked with self-instruc- 
tional materials before, they will be working this way often 
in third grade units. Encourage them to work out difficulties 
they may have by themselves. 

Because the children will have to become accustomed tp 
working on their own, the first job booklet might go more 
, slowly ^than the second. 

Students.with reading problems might be grouped together 
so that you can help them ^et started'on each job. At no 
time should one student in any pair be alloWed to dominate'- 
the work to the extent that the other student* doesn't get a 
chance'to generate his own answers. If this occurs, have 
the children change partners. 

As the students pour water and balance the bearn, they are 
asked to find and describe many different states of the 
systems in which: ^ 

a. ^he depth, in either tube is a whole unit. 

b. ^ The depth in either tube is riot a whole unit. 

c. The beam is balanced. 

d. • The.xbeam is not balanced. 



Once they have generated these states, the children describe 
them by one of these two techniques: . ' 

1 . Ordered pairs.- The ordered pair that describes the 
state of this system (the depth of the Waterjn-each 
tube) is (7; 3}. For this example the children 
would be asked to find and describe all the states 
of this system of 10 units of water. Other states 
would be (8,,2), (9/1), (10,0), etq. 




(7,3 ). 
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Points on a grid. The children are asked to.find 
many different^combina'fions of places to hang two 
paper clips so that the beam balances. They then 
graph these combinations on a grid. One point, that 
descri^)es a balanced^state is at (20, 80).^ Later ^ 
an extra clip is added-and the children are asked to 
find and graph balanced stales, "ofthis jiew system. " 
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In the Pouring System booklet the children should discover 
that when they change the state of a system, the total amount 
of water does not change. If the children are asked to write 
four ordered pairs for a system containing nine units of Water, 
they should discover that the sum of each ordered pair will 
equal nine. 

'With the Balance Beam System booklet the children learn 
^that to balance the, beam with two paper clips,, the ordered 
pair must total 100., For example, if they are told that the / 
red clip is at 70, they can predict that the black clip must 
be at -30. ' • " ^ 

Anotherway the children can predicV'tfie position of the black- 
clip when given* the position of the red clip is to determine 
how far from the center the red clip is. If it is at 70, they 
see that it is 20 units from the center. Then they will dl|cov- 
er thatio balance the beam,^the other clip must also be 20' ' 
units from the center, at the '30 mark.. 

During later jobs in the Balance Beam Booklet the children 
use three paper clips: one red, one black, and one station- 
ary silver clip. When the silver clip is in position, Say at 
60;, the children must determine where to put the other two - 
clips. They will see that the diatance of one clip from the 
center of the beam must equal the distancejof the other clip 
plus the distance of the silver clip. In other words, the 
distance of the cfip on orle side must equal the combined 
distances of the two clips on the other side. The ordered 
pair (10, 80) balances the beam when the silver clip is at 
60. The silver clip is fO units from .the center and the clip ' 
at tbe 80 mark is 30 units from the center. These two clips 
are a total distance of 40 units from the center. The third 
clip at I 0 is also 40 units from the center, so both sides 
balance. ' ' . 

40' ^ 30 . JO' 

distance of red _ distance of ^ distance of * 
clip from center black clip silver clip 

of beam fr6m center« * from center 



In some jobs the children; are asked to write several ordered 
pairs that will balance the beam when the silver clip is at a 
certain point, say 60. After Writing several such pairs, the 
children are asked to add the numbers in each pair. They 
discover^firtft the sum of each' pair is the same when the beam 
is bal^i<?ced cind the silver clip is stationary* 

MATERIALS . , . . 

— for each pair of children — 

Pouring System: : 

~ 2 plastic tubes, 1^ inches in diameter and 4 inches long 

~ measuring cup '- 

-r butcher .tra]/ . ... 

- masking ;t^e 

Balance Bea^n System: ' . ' 

- meter stick 

- wooden block ^ 

- 6 paperclips, (2 red, 2 silver/^ black) 

- straightened paper clip » 

- masking tape 

' — for the class — 

- pail (optio'hal) 

/ : ^ • ^ \ ' 

PREPARATION 

Straighten one paper clip for each pair of children who will 
. be working on the Balance Beam System* The clip will 
support the meter stick which acts as a balance arm. 

A aompleted beam balance appears on page 126* 



Each child -working on the Pouring System will need two. 
plastic tubes, 14 inches in diameter and 4 inches long. 
For every tube, cut of f a ten-unit length of centimeter 
tape* Tape it' to the outside of the tube, making sure 
that the zero mark rests where the tube fc^vity begins 
rather than at the base of the tube. For a cornpleted tube 
see page 1 08. 
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OSiet of the Director * V <^ 



Dear Student, - ' . - - T; 

Your teacher has told you to turn to either the Pouriflg^ System booklet ' 
or the Balance Beam System booklet in your Student. Manual, you and 
your partner should work together in your booklets.., .Read each page 
very carefully and try tb.fill in every blank and to answer /all the 
questions. Be sure to discuss alLyoifr anfyS^ers .with ybur partner. 
If you and your partner disagree^ the two of ;yqy shouW^ the prob- 
lem again tc- find the correct answer. ^ ' : . [ ^ ^ . 

Sometimes it may be.iiard tq^find-.the^answfer to a question. When 
this happens, read»th^e question a^aifrr Try working the problem a- 
different way^ Don't go tq your. teacher unless you'^and your partT 
ner just can^^ iind „the answer J" For spme 'questions, there. may be 
more tl?an one correct answer/ ^ " — . 

^ "^'^ ' ' . ' . . . 

From time to^me, the teacher will look at the work you've donev 
She will be^hecking to see that you have done the jobs correctly 
and that you are working as fast as you can. Each booklet should 
take one week. If you don't get done' with one of th0 booklets^in 
time, you .can finish it in your spare time. • ^ ^ 

Have fun. . 

^Sincerely, 



The Authors 
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